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WAUKEGAN HARBOR

TRUST AGREEMENT

AGREEMENT, made this ____ day of ______________, 1988,

by and between OUTBOARD MARINE CORPORATION, a Delaware corpo-

ration, (herein referred to as "OMC" or "Settlor") and American

National Bank and Trust Company of Chicago (herein, together

with any successors in office, referred to as "Trustee").

The Settlor hereby delivers to the Trustee and the Trustee

hereby acknowledges receipt of the funds in accordance with

Exhibit A, annexed hereto, end by this reference made a part

hereof, to have and to hold said funds and such additional

funds as may from time to time be added thereto as provided

herein, together with the proceeds and reinvestments thereof

(hereinafter referred to as the "Trust funds" or "Trust

assets") for the uses and purposes and upon the terms and con-

ditions hereinafter set forth. By executing this agreement,

the Trustee agrees to accept the jurisdiction of the Court and

to be bound by the Consent Decree entered on

________________, 1988 in the United States v. Outboard

Marine Corporation, Civil Action No. 88 C ________ (N.D.

111., Eastern Div.) (hereinafter called "Consent Decree") to

which a copy of this Agreement is attached as Appendix _.

1. TRUST FUND PURPOSE. The purpose of this Trust is to

provide for implementation by the Trustee of the Work required

by the Consent Decree, including the complete and timely



performance of design, remedial, resource restoration,

oversight, and certain operation and maintenance activities

properly incurred in accordance with the Consent Decree and the

Remedial Action Plan, and to make payment to the United States

and the State as provided in the Consent Decree, and to receive

payment of damages and response costs from CMC into the Trust.

The objective of the Consent Decree is to redress alleged

injuries to certain property of the State, including sediments

and submerged lands within the Site, and to address certain

alleged injuries, as covered in this Consent Decree to natural

resources held in trust by the United States and the State of

Illinois, caused by the release of polyhlorinated byphenyls

("PCBs") at the Waukegan Harbor site and to minimize the re-

lease of PCBs consistent with the National Contingency Plan

("NCP") to protect public health and the environment. Terms

which are defined in the Consent Decree shall have the same

meaning for purposes of this Trust Agreement as they have in

the Consent Decree.

2. PAYMENT OF TRUST FUNDS. During the term of this

Trust, the Trustee shall use so much or all of the income

and/or principal of the Trust (income to be used first) as is

necessary or advisable to implement the Work as set forth in

the Consent Decree; to pay the contractor(s) for carrying out

the Remedial Action Plan required by the Consent Decree; to pay

other proper and necessary expenses incurred to fulfill the

requirements of the Consent Decree and the Remedial Action
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Plan; and to carry out all other obligations of the Trust and

the Trustee under and in accordance with the terms of the

Consent Decree. Any such payment by the Trustee shall be

subject to the prior written approval of the Project

Coordinator designated by the Trustee pursuant to Section X of

the Consent Decree. Settlor shall have the right to object to

or contest any proposed payment to a Contractor by the Trustee

pursuant to the procedures of Exhibit B. Any dispute between

the Settlor and the Trustee shall not affect the timely and

complete Performance of the Work.

3. INVESTMENT OF TRUST FUNDS. Notwithstanding any other

provision in this Agreement, the Trustee will at all times

hold, manage, and invest the assets of this Trust in a manner

designed to preserve the principal of the Trust and to realize

a reasonable rate of return thereon, consistent with the con-

servation of principal. Pending use of the Trust funds for the

purposes of this Agreement, the Trustee shall invest and

reinvest all or any part of the Trust funds, including any un-

distributed income therefrom, in United States direct obliga-

tions, obligations guaranteed by agencies of the United States

government, common trust funds or mutual funds which invest in

United States direct or guaranteed obligations, bank certifi-

cates of deposit and other interest bearing accounts, including

those of the Trustee, to the extent they are insured by the

federal government, and common trust funds or money market

funds investing in short term municipal bonds. In all cases,
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however, the Trustee shall keep the total investments

sufficiently liquid to enable the Trust to fulfill the purposes

of this Agreement and the Consent Decree and to satisfy obliga-

tions as they come due.

4. ADDITIONS TO TRUST FUNDS. OMC retains an unlimited

obligation to ensure that the Trust has sufficient assets to

complete the Work as required under the Consent Decree. The

Settlor shall, from time to time, make additional payments, as

necessary, to accomplish the purposes of the Trust. Such pay-

ments shall be administered and reinvested as part of the

Trust. The Trustee shall make demands in writing upon the

Settlor for additional payments to this Trust in amounts deter-

mined by the Trustee as necessary to fulfill the purposes of

the Trust. The Trustee shall request payment of such addition-

al amounts in sufficient time to assure the uninterrupted prog-

ress and timely completion of the Work, and copies of the

request shall be sent by the Trustee to U.S. EPA and IEPA. Any

dispute regarding the amount, purpose or other actions taken

with regard to such additional payments shall be resolved in

accordance with the procedures set forth in Exhibit C.

5. TERMINATION OF TRUST. This Trust shall terminate upon

completion of the Work required by the Consent Decree The

Trust also may be terminated at any time before said date if

the Consent Decree is modified to eliminate the use of a Trust

and [by] written notice of intent to terminate is mailed to the

Trustee. The termination shall become effective thirty (30)
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days from the date of mailing of copies of said notice to

Parties to the Consent Decree unless the Trustee certifies in

writing to the Settlor that the Trust Fund has outstanding

unsettled obligations.

6. DISTRIBUTION OF TRUST FUNDS UPON TERMINATION OF

TRUST. (a) Upon termination of this Trust pursuant to the pre-

ceding paragraph 5, the Trustee shall liquidate the assets of

the Trust and thereupon distribute the entire remaining Trust

funds, including all accrued, accumulated and undistributed net

income, to the Illinois Wildlife and Fish Fund Office of

Administration Budget Section, Department of Conservation

(525 S. Second Street, Springfield, IL 62701).

(b) In the event the Trust is terminated by the Court

pursuant to Section IV. D.2. of the Consent Decree, the Trustee

shall liquidate the assets of the Trust and thereupon distrib-

ute the entire remaining Trust funds, including all accumulated

and undistributed net income, to OMC.

7. RESIGNATION. REMOVAL AND REPLACEMENT OF TRUSTEE.

(a) The Trustee may resign at any time upon providing

thirty (30) days' written notice of such resignation to the

Parties to the Consent Decree. The Trustee may be removed and

replaced with or without cause by the Settlor after five (5)

days' written notice of such removal and replacement to the

Trustee and to the U.S. EPA and the State of Illinois. Upon

the resignation, removal by the Settlor, or refusal or inabili-

ty to act of the Trustee, the Settlor shall appoint as
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successor Trustee a bank or trust company qualified to accept

trusts.

(b) Upon the removal of the Trustee by the Court pur-

suant to Section IV. D.2. of the Consent Decree, the U. S. EPA

shall appoint as successor Trustee a bank or trust company

qualified to accept trusts.

(c) Any successor Trustee shall qualify by a duly

acknowledged acceptance of this Trust, when such acknowledge-

ment is delivered to the Settlor. Any successor Trustee shall

have all the rights, powers, duties and obligations herein

granted to the original Trustee. No successor Trustee shall be

personally liable to OMC for any act or omission of any prede-

cessor. With the approval of the Settlor, a successor Trustee

may accept the account rendered and the property received as a

full and complete discharge to the predecessor Trustee, without

incurring any liability for so doing. Notice of replacement of

the Trustee shall be promptly given to the Parties to the

Consent Decree by the Party appointing the successor Trustee.

Notwithstanding the foregoing, except by Order of the Court

under Section IV.D.2. of the Decree, no Trustee may resign or

be removed until a successor Trustee is selected and has ac-

knowledged acceptance of its appointment, and replacement of

the Trustee shall not affect the timely and proper discharge of

the duties of the Trustee.

8. COMPENSATION OF TRUSTEE. The Trustee shall be en-

titled to compensation in accordance with its schedule of fees
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in effect from time to time. The Trustee is hereby authorized

to pay its compensation from the assets of the Trust and also

to reimburse itself for reasonable accounting, legal and other

reasonable expenditures incurred in fulfilling its responsibil-

ities under this Agreement.

9. TRUSTEE'S DUTIES AND POWERS. In connection with ful-

filling the requirements of the Consent Decree, the Trustee

shall have the following duties and powers, which are to be

exercised in a fiduciary capacity. These fiduciary duties and

powers are intended in no way to limit the general duties and

powers of the office as contained in the Illinois Trusts and

Trustees Act (111. Rev. Stat. ch. 17, par. 1651-1690) or pursu-

ant to any other applicable rule of law.

a) The Trustee shall carry out the responsibilities

assigned to the Trustee by the Consent Decree;

b) The Trustee shall provide for the timely and com-

plete performance of the Work required by the Consent Decree;

c) The Trustee shall hire one or more architects,

engineers, and contractors to implement and conduct the Work in

accordance with the Consent Decree and the Remedial Action Plan

and any federal, state or local laws applicable to such activi-

ty. Selection of any such architect, engineer, contractor or

subcontractor shall be subject to approval by U.S. EPA and IEPA

as provided in Section V of the Consent Decree;

d) The Trustee shall designate the Project

Coordinator as provided in Section X of the Consent Decree to
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monitor, supervise and coordinate the work contemplated by the

Consent Decree;

e) The Trustee shall incur and pay any and all nec-

essary and reasonable charges, taxes and expenses upon or con-

nected with this Trust in discharge of the Trustee's fiduciary

obligations under this Agreement, including without limitation,

to pay the Project Coordinator, architect, engineers and

contractors hired to perform the work required by the Consent

Decree, and to pay necessary and appropriate costs of U.S. EPA

and IEPA as required by the Consent Decree. If Settlor objects

to any such payment, the dispute shall be resolved in accord-

ance with Exhibit B of this Trust Agreement. Any dispute be-

tween the Settlor and the Trustee shall not affect the timely

and complete performance of the work;

f) The Trustee may renew or extend the time of pay-

ment of any obligation, secured or unsecured, payable to or by

this Trust, for as long a period or periods of time and on such

terms as the Trustee shall determine and may adjust, settle,

compromise and arbitrate claims or demands in favor of or

against this Trust, under such terms as the Trustee deems ad-

visable;

g) The Trustee may institute litigation in the name

of the Trust;

h) The Trustee may exercise any of such powers after

the date on which the principal and income of the Trust shall

have become distributable and until such time as the entire

principal and income of the Trust is actually distributed;
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i) The Trustee may do any and all other acts which

the Trustee shall deem proper to effectuate its duties and

powers under this Trust Agreement and the Consent Decree.

j) The Trustee shall withhold a sum of ten percent of

any contract entered into by the Trustee with any Contractor to

perform the Work, from final payment to the Contractor for one

year after the final cap is placed on the cell or for one year

after final Written Certificate of Completion is issued under

the Decree, whichever is later. This sum shall be withheld in

the event that Contractor fails, neglects or refuses to sub-

stantially comply with any of the material provisions of this

Contract as provided herein. This sum shall be placed in an

interest bearing account subject to an escrow agreement. The

interest born on the escrow account shall be for the benefit of

the Contractor.

10. TRANSACTIONS WITH THIRD PARTIES. No person or organi-

zation dealing with the Trustee pursuant to this Agreement

shall be required to inquire into or investigate the authority

of the Trustee or see to the application of the proceeds of any

transaction.

11. ACCOUNTS. The Trustee shall present an annual

accounting to the Settlor, U.S. EPA and IEPA which shall show

the financial condition of the Trust including, without limita-

tion, *-*e receipts and disbursements of the Trust for that

year, and a projection of the receipts and disbursements of the

Trust for the following year.
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12. INDEMNITY OF TRUSTEE. The Settlor agrees to indemnify

and hold harmless the Trustee from any and all liability

resulting from the execution of contracts and agreements or

from other actions or omissions by the Trustee arising out of

the Trustee's service as Trustee, except for the willful

misconduct or negligence of the Trustee. Except for claims

arising out of its own willful misconduct or negligence, the

Trustee shall not be required to prosecute or defend any claim

for or against the Trust until it is indemnified to its reason-

able satisfaction against the costs of such prosecution or de-

fense .

13. LIABILITY OF TRUSTEE. The Trustee shall not be liable

[to Settlor] for any acts, omissions or defaults of any agent

or depositary appointed or selected with reasonable care. The

Trustee shall be liable to Settlor only for its own willful

misconduct or negligence. No Trustee shall be responsible to

Settlor for the acts or omissions of any other Trustee, includ-

ing prior Trustees, nor shall any Trustee be liable to Settlor

in regard to the exercise or non-exercise of any powers and

discretions properly delegated pursuant to the provisions of

this Agreement. Nothing in this paragraph shall be construed

to excuse the responsibility of the Trustee to Settlor for

carrying out Duties and Powers under other paragraphs of this

Agreement.
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14. INCOME TAXATION. The Trustee is hereby authorized and

directed to apply for a federal employer's identification

number on behalf of the Trust and to adopt a calendar year for

tax purposes.

15. AMENDMENTS TO AGREEMENT. This Agreement may not be

amended except in writing, executed by the Settlor and

delivered to the Trustee; provided that no amendment to this

Agreement shall take effect without the prior consent of U.S.

EPA.

16. NOTICES UNDER AGREEMENT. Any notice required by this

Agreement to be given to the Settlor or Trustee shall be deemed

to have been properly given when mailed, postage prepaid, by

registered or certified mail, to the Trustee or to any person

named by the Settlor to receive notices on behalf of the

Settlor.

17. COUNTERPARTS OF AGREEMENT. The Agreement may be

executed for the convenience of the Parties hereto in

counterparts, any one of which for all purposes shall be deemed

to have the status of an executed original.

18. SEVERABILITY OF PROVISIONS. If any provision of this

Agreement or its application to any person or entity or in any

circumstances shall be invalid and unenforceable, such

invalidity or unenforceability shall not affect the application

of such provision to persons or entities and in circumstances

other than those as to which it is invalid or unenforceable and

shall not affect the application of the other provisions of

this Agreement.
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EXHIBIT A TO TRUST

COMFIDEMTIAL
DRAFT

Date of Payment to Trust

November 1, 1988
(or effective date of trust)

February 1, 1989

May 1, 1989

September 1, 1989

January 1, 1990

June 1, 1990

September 1, 1990

December 1, 1990

November 1, 1991

Amount

2,000,000

1,500,000

2,500,000

2,500,000

1,500,000

2,500,000

2,000,000

2,000,000

2,500,000
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DISPUTE RESOLUTION

B.I. Upon receipt of any request or demand for payment by the

Trustee from any person, (including the United States or

the State of Illinois, for oversight cost, or the

Contractor who is to perform the Work required under the

Consent Decree,) or upon receipt of any proposed

determination by the Trustee's Project Coordinator that a

component of the Work is complete or substantially

complete, the Trustee shall promptly provide a copy of

said request to OMC and shall defer making such payment

for a period of 30 days or until Settlor (OMC) indicates

whether it would object to such payment or determination,

whichever is sooner. Settlor may dispute all or any

portion of any such request for payment. Trustee shall

proceed to pay any undisputed amount.

B.2 Any dispute by OMC as to payment to be made to the

Trustee or an agent, contractor, project coordinator, or

other person employed by the Trustee to carry out the

Consent Decree shall be resolved pursuant to the

procedures stated in this Exhibit B. Any dispute by OMC

as to any request for payment submitted by the Government

pursuant to the Consent Decree shall be resolved pursuant

to the procedures and requirements of the Consent Decree.



B.3 All unresolved disputes and controversies arising out of

or relating to payment by the Trustee to its agents,

including its Contractor who is retained to perform the

Work required by the Consent Decree, shall be decided by

dispute resolution, using the mechanism of ENDISPUTE,

Inc. This agreement to so arbitrate shall be

specifically enforceable and the determination rendered

by the dispute resolutor shall be final and judgment may

be entered upon it in accordance with the applicable law

of any court having jurisdiction thereover.

B.4 Any dispute resolution proceeding initiated under the

terms of this Trust may, at the request of either party,

be joined or consolidated with other proceedings

involving additional parties if the disputes arise out of

a common or inter-related factual occurrence(s) .

B.5 Within 14 days of notifying the Trustee of any objection

to a request for payment, OMC shall provide notice to the

person requesting payment of OMC's objection and the

amounts challenged.

B.6 Notice of demand for a dispute resolution shall be filed

in writing with the Trustee by the person submitting the

request for payment, with a copy to OMC, [ENDISPUTE] and

the Trustee. Demand for a dispute resolution shall be

filed within 14 days after receipt of the notice of

objection by OMC.
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B.7 Any dispute pertaining to a payment by the Trustee to the

Contractor shall not affect the timely and adequate

performance of the Work required by the Consent Decree,

the Trustee and the Contractor having agreed that the

Contractor shall carry on the Work and maintain its

progress during any dispute resolution proceeding and

that the Trustee shall continue to make payments to the

Contractor in accordance with the Contract Documents.

B.8 All costs of dispute resolution, including reasonable

attorneys' fees and disbursements, shall be allocated by

the dispute resolutors as part of any resolution by any

controversy by dispute resolution. OMC agrees to be

bound by the cost of such allocation. The Trustee agrees

to require its contractors to agree to said term and

procedure as part of its contract documents.

B.9 The Trustee shall obtain from the Contractor, and shall

require the Contractor to obtain from each Subcontractor,

such Contractor's and such Subcontractor's written

agreement to resolve disputes and controversies with

respect to the Project or its Subcontract with the

Contractor by dispute resolution in accordance with this

agreement and to be a party to arbitration between Owner,

OMC and Contractor where necessary and required.

Subcontractors' and Contractors' arbitrations among

themselves shall in no way delay the progress of the Work

or be adversely binding on OMC or the Trustee.
R« V . 1 / t O / l l
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19. GOVERNING LAW. This Agreement creates a Trust to be

administered in the State of Illinois and all questions

pertaining to its validity, construction and administration

shall be determined in accordance with the law of Illinois.

IN WITNESS WHEREOF, the Settlor and the Trustee have set

their hands and seals to this Agreement [consisting of Nineteen

Sections, and Exhibit A and B, annexed hereto,] as of the day

and year first above written.

Outboard Marine Corporation,
Settlor

By: ___________________
Title

Attest:
Title:

[Corporate Seal]

Trustee

By:
Title

Attest:
Title:

[Corporate Seal]
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Section Number: 1.0
Revision Number:
Date: August 22, 1988
Page: 1

WORK PLAN
IN-PLACE CONTAINMENT OF PCBS

WAUKEGAN HARBOR SITE
WAUKEGAN, ILLINOIS

1.0 INTRODUCTION

This Work Plan (Appendix III to the Consent Decree) is part of the Remedial
Action Plan (RAP) as defined in Section III(L) of the Consent Decree. The
RAP consists of this Work Plan and the following additional documents:

1. Tre^ment Work Plan fAppendix IV);

2. Pre-Design Quality Assurance Project Plan (PDQ) (Appendix V);

3. Health and Safety Plan (Appendix VI);

4. Operation and Maintenance Work Plan (Appendix VII).

The RAP sets forth the agreed tasks to be performed to design and implement
the remedial and resource restoration activities hereinafter referred to as
Remedial Action at the Site.

This Work Plan, together with the Quality Assurance Project Plan (QAPP),
set forth the tasks which shall be performed to implement the components of
the work described in Section V.D.I (a)-(f) of the Consent Decree. Except
as otherwise defined, terms used herein shall have the same meaning as set
forth in the Consent Decree. This Work Plan consists of the following:

1. A scope of work for pre-design investigations;

2. Provisions for the preparation of design drawings and documents;

3. Provisions for the implementation of the foregoing elements of the
work including dredging and excavation criteria;
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4. A construction schedule.

All reports and documents required hereunder to be submitted to United
States Environmental Protection Agency (U.S. EPA) and/or Illinois
Environmental Protection Agency (IEPA) for their approval shall be
submitted in accordance with all the provisions of the Consent Decree.

The tasks set forth herein include the construction of three separate soil-
bentonite slurry walls (slurry wall) containment areas, shown on Figure 1,
each of which are intended to contain sands and organic silts with more
than 50 parts per million (ppm) of PCBs. Certain soils and sediments
outside of these containment areas will be excavated and deposited within
the containment cells before closing the containment cell with a cover
designed according to the criteria In Table 1 of the Work Plan. Each
containment cell will be maintained in the manner set forth in the Opera-
tion and Maintenance Plan which includes the installation and operation of
a dewatering system in each of the three separate containment cells. The
dewatering system will be designed to produce a hydraulic head in each cell
that is lower than that surrounding the cell. The maintenance of this head
differential is necessary in order to maintain an inward flow gradient.

The remedial activities described herein are based in part on the unique
geologic conditions at the Site (References 1 and 2). The subsurface
strata at the Site consists of a fine, uniform beach sand deposit, approxi-
mately 25 feet thick, overlying a very stiff, glacial clay/silt till known
as the Wedron formation. The Wedron formation, in the vicinity of the
Site, is in excess of 50 feet thick, and is directly underlain by bedrock
consisting of a water-bearing Silurian limestone. The Wedron formation is
a thick, relatively impermeable clay pan preventing the downward movement
of surface water, associated with Lake Michigan. Piezometric levels mea-
sured in the Silurian limestone aquifer near Belvidere Park, which is
approximately 3.5 miles northwest of the Site, indicate that the water
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levels in the Silurian dolomite are higher than the shallow ground water
levels in the beach sand deposits associated with the Lake Michigan water
level. Therefore, at the Site, the likely hydraulic gradient is upward
through the Wedron formation. This gradient will be confirmed by install-
ing two piezometers in the Silurian limestone at the Site.

These hydrogeologic conditions, together with the construction of horizon-
tal flow barriers around the three cells containing PCBs (see Figure 1) and
the construction of an impermeable cap over these cells, is expected to
isolate the PCBs from the shallow ground water and Lake Michigan environ-
ment. The containment cells '..i1"! prevent the movement of sediments or
soils containing more than 50 ppm PCBs into surface water systems, and will
prevent direct contact with these soils or sediments.

Before development of a detailed design package for the in-place contain-
ment (IPC) units, a pre-design investigation will be completed. The pur-
pose of this investigation will be to determine the geotechnical parameters
required for design of the soil-bentonite slurry walls, the impermeable
caps, and the water extraction system. The pre-design data collection will
also include measurement of the piezometric levels in the underlying
Silurian limestone aquifer, and the determination of the consolidation and
settling characteristics of organic silts from the harbor. The scope of
work for the pre-design investigation is presented in Section 2.0. The
procedures to be used in this investigation will follow the Pre-Design QAPP
(PDQ) and Health and Safety Plan approved by U.S. EPA.

After completion of the pre-design investigation, a detailed set of
construction drawings and specifications and a design report will be
prepared and submitted to U.S. EPA and the IEPA for review and approval
prior to the start of construction. A Remedial Action QAPP and Health and
Safety Plan will also be prepared during final design to cover the
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activities to be undertaken during implementation of the remedial action.
These submittals are detailed in Section 3.0.

The construction activities required as part of the work will be imple-
mented in accordance with the procedures presented in Section 4.0 of this
Work Plan, following approval of the construction drawings and specifica-
tions and the design report.

The areas where PCB-contaminated soils and sediments will be excavated and
the location of the containment cells in which the excavated material will
be placed, are specified in Section 4.C. Areas containing soil* and sedi-
ments which must be treated prior to placement in a containment cell are
also specified in Section 4.0.
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2.0 PRE-DESIGN PHASE

The purpose of the pre-design phase is to define the geotechnical, physi-
cal, and hydraulic properties of the different soil types present at the
Site and to measure the compatibility of the various soil mixtures with
site ground water and with water containing sediments and PCBs.

The pre-design phase is subdivided into two tasks:

1. Field sampling program;
2. Soils laboratory testing program.

The field sampling program will include soil borings, piezometer installa-
tions, test pit excavations, and in-situ permeability testing. The soils
laboratory testing program will include clay permeability/compatibility
tests, consolidation testing, soil classification tests, sedimentation
tests, and the design of an acceptable soil-bentonite mixture for the
backfill material in the slurry walls.

2.1 Field Sampling Program

2.1.1 Sampling in New Slip

Four soil borings will be completed in the area where the new boat slip is
to be constructed as a replacement for existing Slip No. 3. The boring
locations are shown on Figure 2. Each boring will be advanced a minimum of
five feet into the underlying clayey glacial till (clay till). Data on
physical characteristics of soils in this area will be collected including
density, grain-size characteristics, and angle of internal friction. This
information will be used for design of the steel sheeting for the new slip
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and will be used to determine the excavation characteristics of the soil in
this area. The borings will be performed as follows:

1. The boring will be advanced using hollow-stem augers.

2. Standard split-spoon samples will be taken at five-foot intervals
or at changes in the strata through the sand. Continuous samples
will be recovered through the till. All recovered samples will be
retained in sealed glass jars. The sample logging procedures to
be followed for this activity are found in the PDQ,
Section 4.1.2.1.

3. Each boring will be backfilled by tremie grouting with a cement/
bentonite grout. The mix proportions and mixing procedures to be
followed for the grout are found in the PDQ, Section 4.1.7.

Two test pits will be dug, with a backhoe, perpendicular to the existing
Upper Harbor sheeting. The test pits will determine the total depth of a
former crane foundation that runs through the new slip area. The locations
of the test pits are shown on Figure 2. Each test pit will identify the
type and depth of the existing foundation. The test pits will be back-
filled with the excavated material and compacted with the backhoe.

2.1.2 Sampling in the Upper Harbor and Slip No. 3

Sediment (organic silt) samples will be collected in the Upper Harbor and
Slip No. 3 to assess the settling and consolidation characteristics of the
sediments. Settling tests will be performed to select additives for
improving the settling rates of sediments during dredging, and to design
systems to dewater the sediments placed in the Slip No. 3 cell and the
separate isolation area (Section 4.6.2). Data from the settling tests will
also be used to design the water treatment facility.
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A total of five 5-gallon buckets of sediment will be collected using a
sludge sampler. The samples will be retrieved from 10 different, randomly
chosen locations. No more than three gallons of sample will be retrieved
at any one location. Special care will be taken to assure the samples are
representative of the sediments and the finer fraction is not washed out
during sampling. The sludge sampling procedures to be followed for this
activity shall be in accordance with the PDQ, Section 4.1.2.3.

Two soil borings, Figure 2, will be drilled from a barge along the proposed
Slip No. 3 cutoff wall location. The soil borings will be performed as
follows:

1. The drilling barge will be protected from waves and swells during
the drilling operation.

2. A steel casing will be driven to the clay till, soil samples
recovered to the till, and the steel casing flushed with potable
water to remove all sediment and soil within the casing.

3. The casing will be driven two feet into the clay till and the soil
boring will be advanced by the rotary wash method.

4. The boring will be sampled continuously with a standard split-
spoon sampler to a depth of 20 feet below the top of the till.
All recovered samples will be retained in sealed glass jars. The
sample logging procedures to be followed are found in the PDQ,
Section 4.1.2.1.

5. Pitcher barrel samples of the clay till will be obtained from two
locations in each soil boring. Pitcher barrel sampling procedures
to be followed are found in the PDQ, Section 4.1.2.2.
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6. The soil boring will be backfilled by tremie grouting with a
cement/bentonite grout before the steel casing is removed. The
mix proportions and mixing procedures to be followed for the grout
are found in the PDQ, Section 4.1.7.

2.1.3 Slurry Wall Soil Borings

Twenty-seven soil borings will be completed along the proposed alignments
of the three slurry walls constructed as part of the IPCs, Figures 2, 3,
and 4. These borings will be for the collection of bulk soil samples for
use in design of the soil-bentonite backfill mixture, for collection of
undisturbed soil samples from the till, and for in-situ permeability
testing of the clay till.

The borings will be drilled to a depth that penetrates the clay till by at
least 10 feet. Two borings at each of the three containment cell areas
will be advanced to a depth that penetrates the clay till by at least
20 feet. At least six pitcher barrel samples will be recovered from the
borings along the slurry wall alignment at each of the containment areas.
The project engineer will decide which borings will be drilled to the 20-
foot penetration and specific depths to be sampled with the pitcher barrel
sampler. Pitcher barrel samples may be obtained from any boring. The
borings that penetrate 10 feet into the till will be taken in accordance
with procedures described in Section 2.1.1 of this Work Plan but use of the
rotary wash method may be required to advance the borings into the clay
till if the till is too stiff to be drilled by the hollow-stem auger. All
borings will be backfilled by tremie grouting with cement-bentonite grout
before the hollow-stem auger is removed, so that none of the borings into
the clay till will be potential pathways for leachate migration.

In-situ permeability tests shall be performed in accordance with the pro-
cedures found in the PDQ, Section 4.1.3, on 6 of the soil borings (2 from
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each containment area) that penetrate into the clay till by at least
20 feet and on 3 of the soil borings (one from each containment area) that
penetrate into the clay till 10 feet. The function of in-situ permeability
tests is to determine the capability of the in-situ soils to prevent flow
of water or leachate underneath the slurry wall. The in-situ permeability
tests performed during the soil boring program shall be used to provide the
coefficient of permeability that is representative of the horizontal flow
pattern. The horizontal field permeability test will be performed using
the single packer method with the packer and associated equipment set to
test a three-foot interval.

The permeability that is representative of the vertical flow pattern will
be determined from both pitcher barrel samples tested in the laboratory and
from in-situ, flush-bottom casing permeability test runs in one boring at
each of the three containment areas. Laboratory permeability tests shall
be performed on the pitcher barrel samples in accordance with Section 4.2.7
of the PDQ. The vertical field permeability test will be performed using
the single packer method and the casing flush to the bottom of the boring
in accordance with Section 4.1.3 of the PDQ.

In conjunction with the laboratory permeability tests performed on the
pitcher barrel samples, and the characterizations of the subsurface
material along the alignments of each cell, an appropriate depth of
penetration of the slurry wall into the underlying clay till will be
calculated.

The design depth of the slurry wall key will be calculated in such manner
so as to determine that the ground water flow underneath the wall through
the clayey in-situ soils is less than or equal to the flow directly through
the wall, see Figure 5. The minimum depth of penetration of the slurry
wall key will be at least three feet into the clay till. If geologic
features that might permit seepage under the cut-off wall are encountered
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(eg. permeable lenses, weathered zones, desiccation cracks) the minimum
depth of penetration of the slurry wall key will be the depth required to
maintain the design criteria for ground water flow underneath the wall
provided that at least the minimum three feet depth is maintained.

2.1.4 North Ditch Soil Borings

Four borings will be installed, to a depth of 10 feet, to determine the
soil characteristics present along the alignment of the rerouted north
ditch. The locations of these soil borings are shown on Figure 4.

1. Each boring will be advanced to completion using hollow-stem
augers.

2. Standard split-spoon samples will be taken continuously. All
recovered samples will be retained in sealed glass jars. The
sample logging procedures shall be in accordance with Section
4.1.2.1 of the PDQ.

3. Each boring will be backfilled by tremie grouting with a cement-
bentonite grout. The mix proportions and mixing procedures for
the grout shall be in accordance with Section 4.1.7 of the PDQ.

2.1.5 Miscellaneous Soil and Water Sampling

Miscellaneous soil and water sampling will be collected for the following
purposes:

1. Samples of native soils, both sands and clays, will be collected
to determine the slurry wall backfill mix design during the soils
laboratory testing program.
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2. Clay samples from nearby borrow pits will be collected to deter-
mine the suitability of the soils for the slurry wall working
platform along each slurry wall alignment. The sites for the clay
borrow pit samples will be selected by the project engineer during
the pre-design activities.

3. Samples of ground water that are in contact with PCB sediments
will be collected for use as permeants for the permeability tests
in the laboratory program.

Samples of sand will be recovered from the auger cuttings retrieved during
the slurry wall borings. A minimum of 20 pounds of sand will be recovered
from the borings along the slurry wall alignment for each cell. The sand
samples will be stored in plastic bags.

Clay samples will be recovered from two or three proposed borrow pits in
the Waukegan area that may be used during the construction of the slurry
wall working platform. A minimum of 100 pounds of clay will be recovered
from each borrow pit.

Ten gallons of ground water will be obtained from one of the existing
monitoring wells. However, before recovering the ground water samples, a
minimum of three casing volumes of water will be removed from the well to
purge any stagnant water and retrieve representative ground water samples.
The collected ground water samples will be stored in completely filled
sealed glass containers so as to ensure that head space does not exist in
the container and anaerobic conditions are maintained. Additional water
samples will be obtained in conjunction with the harbor sediment sampling
program (described in Section 2.1.2) by decanting water from the sediment
samples. A total of 10 gallons of decanted water from the sediment samples
will be obtained and stored in glass containers in such manner as described
above to ensure anaerobic conditions are maintained for the samples.
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2.1.6 Piezometers

2.1.6.1 Piezometers in Silurian Limestone Bedrock

The piezometric level in the Silurian limestone aquifer beneath the Site
will be measured and compared to the piezometric level in the sand aquifer
on the Site. To accomplish the foregoing, two piezometers will be
installed into the Silurian limestone aquifer at the Site. The piezometers
will be installed adjacent to existing monitoring wells in the shallow
aquifer or will be paired with new shallow aquifer piezometers, as
described in Section 2.1.6.2. The piezometers will be constructed of
1-inch-diameter Schedule 80 PVC and are expected to be between 70 and
100 feet deep. The proposed piezometer locations are shown on Figure 2.
The piezometers will be drilled as follows:

1. The soil boring will be advanced to the clay surface using augers.

2. A six-inch-diameter casing will be placed in or driven into the
borehole after removing the auger and driven a minimum of five
feet into the clay till.

3. The inside of the casing will be thoroughly washed with potable
water removing any debris from the bottom of the hole.

4. The soil boring will be advanced through the clay till as a 5-inch
hole using the rotary wash method with potable water.

5. Split-spoon samples will be recovered at five-foot intervals and
at changes in soil conditions. A minimum of two pitcher barrel
samples will be recovered in the clay till. All recovered split-
spoon samples will be retained in sealed glass jars. The sample
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logging procedures shall be in accordance with the PDQ,
Section 4.1.2.

6. When limestone is encountered below the clay till, the boring will
be stopped, and the borehole will be flushed with potable water
prior to coring the bedrock.

7. If limestone is encountered below the till a minimum of 20 feet of
NX (2-5/32 inch) rock core will be obtained. All recovered rock
cdre will be retained in core boxes. Bedrock coring and logging
procedures shall ue in accord-.-,ce with Section 4.1.4 of the PDQ.

8. If sand and gravel is encountered below the till, the borehole
will be advanced a minimum of 10 feet into the formation before
installing the piezometer.

9. A 10-foot section of 1-inch-diameter, No. 10 slot, Schedule 80 PVC
screen and 1-inch threaded PVC riser will be installed in the
borehole in the permeable zone selected by the field engineer. A
PVC plug will be installed in the bottom of the screen section.
All PVC material used in this section shall be in accordance with
the PVC plastic material specifications of Section 4.1.5.1 of the
PDQ.

10. A washed quartz sand will be placed as a sand pack in the annulus
between the piezometer screen and borehole to a depth of five feet
above the top of screen. The sand pack shall be in accordance
with Section 4.1.5.1.3 of the PDQ.

11. The annular space in the borehole above the sand pack will be
tremie grouted with Volclay grout to within six feet of the ground
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surface. A weep hole will be provided in the bottom of the cas-
ing. The procedures for preparation of the Void ay grout shall be
in accordance with Section 4.1.5.4 of the PDQ.

12. The six-inch-diameter casing will be removed, and Volclay grout
added to the annular space in the borehole to re-establish the
grout level to within six feet of the ground surface.

13. The annulus in the borehole above the Volclay grout will be filled
with concrete to the ground surface. The concrete specifications
shall be in conformance with the PDQ, Section 4.1.5.1.5.

14. A four-inch-diameter protective steel casing with locking cap will
be installed over each piezometer. The casing will extend three
feet above the ground surface. A weep hole will be provided in
the bottom of the casing. The placement of the protective cover
shall be in accordance with Section 4.1.5.1.6 of the PDQ.

15. A bumper system consisting of 3 four-inch-diameter concrete-filled
pipes will be installed 'around the protective casing.

16. The elevation and location of the piezometers will be determined
by a licensed surveyor registered in the state of Illinois.
Northerly and easterly coordinates will be determined to the
nearest tenth of a foot, referenced to an overall site coordinate
system. Elevations will be determined to the nearest hundredth of
a foot, and will be referenced to National Geodetic Vertical datum
of 1929 or International Great Lakes datum determining elevations
above mean sea level.
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2,1.6.2 Piezometers in Shallow Aquifer

If the piezometers constructed in the Silurian limestone are not installed
adjacent to existing monitoring wells in the shallow aquifer, piezometers
will be installed in the shallow aquifer adjacent to the deep piezometers.
The piezometers will be constructed of 1-inch-diameter Schedule 80 PVC.
The piezometers will be drilled as follows:

1. The boring will be advanced to the till using a four-inch hollow-
stem auger.

2. Standard split-spoon samples will be taken at five-foot intervals
or at changes in the strata through the sand.

3. A 10-foot section of 1-inch-diameter, No. 10 slot, Schedule 80 PVC
screen and 1-inch threaded PVC riser will be installed in the
borehole at the bottom of the borehole. A PVC plug will be in-
stalled in the bottom of the screen section. All PVC material
used in this section shall be in accordance with the PVC plastic
material specifications found in Section 4.1.5.2 of the PDQ.

4. If required, a sand pack will be placed in the annulus between the
piezometer screen and borehole to a depth of five feet above the
top of screen as the auger is removed. The sand pack shall be in
accordance with Section 4.1.5.2.3 of the PDQ.

5. The annular space in the borehole above the sand packed interval
will be backfilled with the auger cuttings to within six feet of
the ground surface or the sand formation above the sand packed
interval will be allowed to collapse around the well casing.
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6. The annular space in the borehole above the backfilled sand will
be filled with concrete to the ground surface. The concrete shall
conform to the specifications set forth in Section 4.1.5.2.4 of
the PDQ.

7. A four-inch-diameter protective steel casing with locking cap will
be installed over each piezometer. The casing will extend three
feet above the ground surface. The placement of the protective
cover shall be in accordance with Section 4.1.5.2 of the PDQ.

8. A bumper system conrj<-*ing of 3, four-inch-diameter concrete-
filled pipes will be installed around the protective casing.

9. The elevation and location of the piezometers will be determined
by a licensed surveyor registered in the state of Illinois.
Northerly and easterly coordinates will be determined to the
nearest tenth of a foot, referenced to an overall site coordinate
system. Elevations will be determined to the nearest hundredth of
a foot and will be referenced to National Geodetic Vertical datum
of 1929, or International Great Lakes datum determining elevations
above mean sea level.

2.1.7 Redevelopment of Existing Monitoring Wells

Three existing monitoring wells each having a diameter of at least two
inches will be redeveloped to provide verification of horizontal ground
water gradients in the shallow aquifer. The wells will include one at the
west edge of the Site, one at the east edge of the Site, and one at or near
the midpoint of the Site. A selected well which fails to respond to rede-
velopment will be replaced with another existing well within the same area
of the site. Nonfunctional wells will be decommissioned in accordance with
procedures set forth in the PDQ. The wells will be redeveloped as follows:
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1. Pumps, hoses, and well development equipment will be steam
cleaned. Steam cleaning procedures shall be in accordance with
the procedures of Section 4.1.6.1 of the PDQ.

2. The depth to the bottom of the well will be measured.

3. If more than one inch of sediment exists in the well, the sediment
will be flushed out of the well using water from a potable water
source approved by the field engineer.

4. The ~onitoring well '"ill be purged for at least two hours using a
bladder pump. During redevelopment, pH, specific conductance,
temperature, flow rate, and water level will be recorded at half-
hour intervals.

5. The pumping response and recovery of the well will be used to
assess the reliability of the well for piezometric evaluations.

2.2 Laboratory Testing Program

The laboratory testing of soils shall be conducted in accordance with
reouirements of Section 4.2 of the PDQ to provide an assessment of the
compatibility of soil and soil-bentonite mixtures with water which has been
in contact with sediments containing PCBs. The laboratory program will
also assess the handling characteristics of organic sediments and the rate
of settling and dewatering for use in developing the final design. In
general, the physical and geotechnical properties of the soils will be
quantified to the level required for preparation of final design documents.
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2.2.1 Soil Classification Tests

Soil classification tests will be completed to identify the types of soils
present and to establish a normal variation or uniformity of soil types.
Soil types will be classified according to the Unified Soil Classification
System (USCS). The type of soils present will impact the design of both
surface and subsurface structures. The test procedures for soil testing
including soil classification, moisture contents, sieve analysis, and
Atterberg limits shall be in accordance with Section 4.2 of the PDQ.

2.2.1.1 Samples from Slurry Wall Borings

A total of 25 soil borings (see Section 2.1.3) will be performed along the
slurry wall alignments, 7 at the Slip No. 3 Containment Cell, 11 at the
East Containment Cell, and 7 at the West Containment Cell. Samples will be
taken from each boring and visually classified (see Section 2.1.3). The
visual classifications of the soil will be confirmed with the following
testing of selected samples:

1. Moisture contents analysis on all samples from the 25 borings;

2. Four sand samples per containment area (12 total samples) will
have mechanical sieve analyses performed on them;

3. Four clay till samples from borings from each containment area (12
total for the Site) will have No. 200 sieve analyses performed on
them;

4. Four clay till samples from borings from each containment area (12
total for the Site) will have Atterberg limits analyses performed
on them.
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2.2.1.2 Samples from Clav Borrow Pits

Soil classification tests will be performed on the soil samples obtained
from each clay borrow pit. The following tests will be performed:

1. Moisture content and sieve analyses for fractions finer than the
No. 200 sieve will be performed on four samples from each borrow
pit;

2. Atterberg limits will be performed on two samples from each borrow
pit (four total samp"!--},

3. To determine the maximum dry density of the soil, a Standard
Proctor moisture-density relationship will be performed on two
samples from each borrow pit (four total samples).

2.2.2 Permeability Tests

A permeability test shall be performed to measure the permeability of the
soil sample with both ground water and water that has contacted sediments
containing PCBs. The compatibility of the sample is assessed by comparing
the difference in the permeability of the sample due to the different
fluids. An increase in permeability of more than 10 times (one order of
magnitude) indicates an incompatible relationship between the soil and
permeating fluid. The pH and PCB content of each of the water samples will
also be determined both before and after contact with the soil sample.

Permeability tests will be performed on representative samples of the clay
till to measure compatibility with ground water coming in contact with
sediments containing PCBs. The permeability test shall also be used in the
assessment and selection of a soil-bentonite backfill mixture for the con-
tainment slurry walls. The detailed procedures for all permeability tests
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conducted under this Section shall be in accordance with Section 4.2.7 of
the PDQ.

2.2.2.1 Slurry Wall Pitcher Samples

A constant head permeability test will be performed on one pitcher barrel
sample from the soil borings from each slurry wall alignment. (One from
each of the three cell containment cell locations). The tests will be
performed as follows:

1. A test spec:.;.en with u length to diameter ratio of no le^s than
1:1 will be set up in the constant head triaxial permeability
apparatus.

2. The sample will be saturated with ground water from the Site.

3. After saturation, at least one pore volume of ground water will be
allowed to flow through the sample.

4. The permeant will be changed to decanted water from the harbor
sampling that has been in continuous agitated contact with sedi-
ments containing PCBs for 24 hours.

5. Two pore volumes of water from the PCB contact will flow through
the sample.

6. The variance of permeability with time will be recorded for each
type of permeant tested.
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2.2.3 Consolidation Tests and Coagulant Assessment

Settling time, quality of the water after dredging and settling, and the
rate at which the water drains from the dredged sediments (consolidation)
are important for design of the water treatment system, the design of the
dewatering system for the dredged sediments, and estimating the final
volume of the consolidated sediments.

A coagulant is an additive which causes suspended particles to come toge-
ther to form larger particles. The larger particles, known as floe, have
higher settling velocity and therefore, reduce the amount of time required
to consolidate the suspended solids. A previous study on Waukegan Harbor
sediment, Reference 4, evaluated various combinations of alum and polymer.
The findings in the paper will be the basis for a series of jar tests which
will be performed to assess the use of polymers and alum as the coagulant
to accelerate the settlement of harbor sediments during dredging opera-
tions.

The coagulant assessment will be conducted in accordance with the following
procedure:

1. No. 200 wash gradings will be performed on three representative
harbor sediment samples.

2. A minimum of six representative sediment samples from the Upper
Harbor will be mixed with varying concentrations of alum and
different polymers.

3. The sediment-coagulant mixture will be placed in a one-liter glass,
cylinder and the height of the settled sediments will be recorded.
Readings will be made at intervals of 5, 10, 15, 30, 45, and 60
minutes and at 2, 4, 8, and 24 hours.
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4. After 24 hours of settling, the clear water will be decanted and
filtration will be performed on the sediment-coagulant mixture
through a No. 200 sieve.

5. The weight of the material retained and that passing through the
No. 200 sieve, for the different coagulants, and different
concentrations will be recorded.

Based on the tests, the combination of alum and polymer most effective in
settling harbor sediments will be selected.

The total suspended solids (TSS) and the PCB levels in the decanted water
remaining after treatment with the coagulants will be measured for water
treatment design. TSS will be measured on decanted water from the settling
tests both before and after filtration on a No. 200 screen.

The consolidation characteristics of the harbor sediments will be evaluated
by performing one-dimensional consolidation tests on three composite sam-
ples of the Upper Harbor sediments. Two of the consolidation tests will be
done on untreated harbor sediments. The third consolidation test will be
done on harbor sediments that have been treated with a coagulant selected
in the coagulant assessment. The test procedure for the consolidation test
shall be in accordance with Section 4.2.5 of the PDQ.

2.2.4 Soil-Bentonite Slurry Wall Backfill Mix

A soil-bentonite backfill mix will be developed to provide a suitable
backfill mix for construction of the slurry walls around each of the
containment cells. The mix must meet two requirements:

1. The mix must be a mixture of soils and bentonite with a
-»

coefficient of permeability that is less than 1 x 10'' cm/sec.
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2. The mix must be compatible with the ground water that has con-
tacted soils containing PCBs.

To determine the soil-bentonite backfill mix which meets the above require-
ments, five different mixes will be prepared and tested in a constant head
permeability apparatus as specified below in this paragraph. Since the
proposed minimum depth of penetration of the slurry wall into the clay till
is 3 feet, the soils from the slurry wall excavation will consist of
approximately 90 percent sand and 10 percent clay. Based on the relation-
ship shown on Figure 15, Reference 5, it is expected that a bentonite
content of approximately 3 tc ' percent by weight should give a permeabil-
ity of less than 1 x 10 cm/sec. However, two mixtures with 10 percent
more fines will be prepared as backup mixtures in case the native soils do
not provide adequate fines to reach a permeability of less than 1 x 10
cm/sec. In the event none of the below enumerated laboratory mixtures
achieve a permeability coefficient of less than 1 x 10" cm/sec, additional
mixtures will be analyzed until such permeability coefficient is estab-
lished.

1. Eighty-eight percent by weight native sands, 10 percent by weight
native clay, and 2 percent bentonite by weight;

2. Eighty-seven percent by weight native sands, 10 percent by weight
native clay, and 3 percent bentonite by weight;

3. Eighty-six percent by weight native sands, 10 percent by weight
native clay, and 4 percent bentonite by weight;

4. Seventy-eight percent native sands by weight, 10 percent by weight
native clays, 10 percent imported clay by weight, and 2 percent
bentonite by weight;
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5. Seventy-six percent native sands by weight, 10 percent native
clays by weight, 10 percent imported clays by weight, and 4 per-
cent bentonite by weight.

For all mixes, sufficient water will be added to hydrate the bentonite so
that the slurry will have a viscosity of 40 Marsh sec, as determined with a
Marsh funnel viscometer.

The constant head permeability tests will be performed as follows:

1. The test specimen will be set up in the modified triaxial appa-
ratus.

2. Two pore volumes of ground water will be passed through the test
specimen.

3. The permeant will be changed to water that has contacted soils
containing PCBs. Three pore volumes of the water will be passed
through the sample.

4. The permeability with each permeant will be determined.

A detailed description of the permeability test and related calculations is
included in the QAPP, Section 4.2.7.
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3.0 DESIGN PHASE

The design phase includes preparation and submittal of the following:

1. Construction drawings and specifications;

2. A design report;

3. A Remedial Action QAPP;

4. A Remedial Action Health and Safety Plan.

The foregoing shall be submitted to U.S. EPA for review and approval prior
to implementation of the Remedial Action Work required pursuant to this
Work Plan.

Design calculations and documentation required to meet the design
requirements for water discharge, construction, dredging, or other
approvals will also be completed during the design phase and will be
included in the design report. The design shall be based on and in
accordance with the design criteria shown in Table 1.

3.1 Construction Drawings

Construction drawings showing plans, cross sections, and additional
construction related details of the remedial action covering all of the
tasks described in Section 4.0 will be prepared and submitted to the U.S.
EPA for review and approval.
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The construction drawings will include but are not limited to:

1. Details for the new slip construction including the new process
cooling water intake line and relocated Larsen Marine facilities;

2. Details for the Slip No. 3 cutoff wall, slurry wall, and the
excavation cell at the west end of the slip;

3. Details for the West Containment Cell slurry wall and the separate
isolation area, Section 4.6.2, and the sheet pile enclosed area,
.'.. _i D, Section * c.2, within the slurry wall;

4. Details of the East Containment Cell slurry wall;

5. Details of the dredging operation;

6. Details of the monitoring wells, piezometers, and dewatering wells
for all containment cells;

7. Details of the closure of all containment cells;

8. Details of the construction water treatment facility;

9. Details of the long-term water treatment facility;

The construction drawings will be prepared in a 24-inch by 36-inch format,
and will be submitted to U.S. ERA for review and approval.

3.2 Construction Specifications

The construction specifications submitted shall include requirements for
the dredging, excavation, backfilling, pile driving, and water treatment.
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Material and installation requirements for the slurry walls, closure caps,
rerouted pipelines, extraction and monitoring wells, and water treatment
facility will also be included in the specifications.

The construction specifications will be submitted to U.S. ERA for review
and approval.

3.3 Design and Analysis Report

Results of the pre-design testing and analyses and a summary of the
analyses completed for design will be presented in a design and analysis
report ("Design Report") which shall be submitted to U.S. EPA for review
and approval. The report will include, but is not limited to:

1. Analytical results from all pre-design laboratory and field
testing;

2. Detailed explanation of the basis for the numbers, sizes, and
locations of the extraction wells, monitoring wells, and
piezometers proposed for each cell;

3. Explanation for selection of the depth of the slurry wall key;

4. Explanation for selection of the slurry wall construction material
composition;

5. An evaluation of the effluent treatment system for treating the
effluent generated by the extraction wells;

6. A statement of the rationale for the design specifications;

7. Description of proposed dredging techniques;
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8. Proposed post-dredging sounding protocol;

9. Dust control plan.

3.4 Quality Assurance Pro.iect Plan

The final details for many of the work plan implementation activities are
dependent on the information obtained during the pre-design phase and shall
be developed as part of the design program. A QAPP for remedial action and
construction activities will be completed and submitted to U.S EPA for
review and approval and submitted in accordance with the schedule in
Table 2. The remedial action QAPP will comply with the requirements for
quality assurance project plans in U.S. EPA/QAM-005/80, Interim Guidelines
and Specifications for Preparing Quality Assurance Project Plans.

The remedial action QAPP will prescribe the procedures required to assure
that the work plan is executed in the proper manner and to ensure that the
construction activities specified in the work plan will be completed as
specified.

The remedial action QAPP will be followed during all activities of all
participants involved in the implementation of the remedial action at the
Site in Waukegan, Illinois. The remedial action QAPP will address all
anticipated activities to execute the work plan remedial action activities
as approved by the U.S. EPA.

The activities that will be addressed in the remedial action QAPP include,
but are not limited to, the following:

1. Slurry wall construction;

2. Installation of synthetic covers;
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3. Installation of ground water monitoring wells;

4. Installation of ground water extraction wells;

5. Dredging;

6. Sheet pile installation and removal;

7. Soil excavation;

8. installation an*J ^peration of ^he water treatment facilities;

9. Materials handling;

10. Sampling and monitoring activities during operation and main-
tenance.

3.5 Health and Safety Plan

During the design phase, a project Health and Safety Plan for implementa-
tion of the remedial action will be completed and submitted to U.S. EPA for
review. The plan will comply with the requirements of OSHA for work on
CERCLA sites as contained in 29 CFR 1910.120, Hazardous Waste Operations
and Emergency Response (Interim Final OSHA Rule - December 19, 1986) and
the general OSHA construction requirements, 29 CFR 1926.

The Health and Safety Plan will address the procedural requirements to
protect workers and the general public during the implementation of the
work plan activities at the Waukegan Harbor job site, including an ambient
air monitoring program at the site boundary. The specific work activities
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are described in this work plan and include, but are not limited to, exca-
vation of soils, sheet pile installation and removal, dredging, slurry wall
construction, water sampling, and installation of monitoring wells.

The plan will be revised if site condition changes encountered during the
remedial action work warrant a modification. All information presented in
the Health and Safety Plan will be presented to all on-site employees and
subcontractors in a required pre-work training program. Visitors who do
not meet the health and safety requirements for the Site will be allowed on
the Site only if approved by the project manager and accompanied by the
Health and Safety Officer.
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4.0 IMPLEMENTATION

4.1 Introduction

The remedial action requires construction of three separate containment
cells to isolate Site soils. Two cells will be located on the north
property grounds of CMC and one cell will be located in the Slip No. 3 area
of the harbor (Figure 1). The West Containment Cell, located on the north
property grounds, will enclose an area which includes the Crescent Ditch
and Oval Lagoon. The East Containment Cell, also located on the north
property grounds, will enclose the eastern portion of the parking lot and
land east of the parking lot. The areas from which soils will be excavated
and placed in each of the containment cells are designated by letter in
Figure 16. For definitional purposes, "select" soils are those soils and
sediments containing PCBs which shall undergo treatment and the term "area"
as used herein shall include the designated vertical extent of excavation.
The Treatment Areas are shown on Figure 16 and are Areas C-I, and M-0,
where soils and sediments will undergo further remediation pursuant to the
separate Treatment Work Plan. The additional excavation Areas A, B, J, K,
L, and X as shown in Figures 13 and 14 will be placed in the West Contain-
ment Cell. The Slip No. 3 Cell will enclose Slip No. 3. The soils target-
ed for containment that are not within one of the three cell locations will
be transported to either the West or Slip No. 3 containment cell.

Select soils from within Slip No. 3 and the West Containment Cell will be
separately isolated for further remediation to significantly and perma-
nently reduce the volume of PCBs present in the soil. The select soils
will be isolated in a separate lined containment area (separate isolation
area, Area W on Figure 13) within the West Containment Cell or remain in-
situ in the West Containment Cell. Treatment of the select soils will be
completed in accordance with procedures and performance standards presented
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in the Treatment Work Plan. The work plan elements for moving the select
soils to the separate isolation area are included in the following sections
of this work plan. Dust control will be implemented in accordance with the
design report to minimize airborne transmission of dust containing PCBs
during construction and shall take into consideration the impact of such
dust on permitted outfalls from the OMC facility.

4.2 Site Preparation

Site preparation will include securing the work areas, preparing the site
support facilities, and remov H.J vegetation from the work areas. The site
preparation subtasks are as follows:

1. Isolate work areas with six-foot chain-link security fence
(Figure 1);

2. Set up a personnel decontamination facility at each work area;

3. Clear and grub vegetation and root systems (primarily along the
north ditch);

4. Remove dirt from roots and transfer vegetation and roots to the
west containment cell;

5. Construction of a new slip, relocation of CMC's Slip No. 3 water
intake, and relocation of Larsen Marine's facilities to the new
slip.
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4.3 Site Control

All access to the Site work areas will be limited, pursuant to the project
health and safety plan, Section 3.4. Equipment which is operated in con-
tact with PCB-containing soils and sediments will be decontaminated by
spray washing the equipment with high-pressure water or steam, or by
utilizing the decontamination methods and procedures described in 40 CFR
761.79 prior to leaving an IPC area. All personnel who enter a controlled
work area will enter and leave through a decontamination corridor. Soil
and sediments removed from the equipment and all wash waters generated in
the process will be depositeu in the containment cell from which the
equipment is leaving. Specific details for equipment and personnel decon-
tamination will be presented in the remedial action health and safety plan.

Dust control will be implemented in accordance with the design report to
minimize airborne transmission of dust containing PCBs during construction
and shall take into consideration the impact of such dust on permitted
outfalls from the CMC facility.

4.4 New Slip

Before remedial activities begin in the Upper Harbor, a new slip will be
constructed and Larsen Marine business activities will be relocated into
the new slip. The approximate location and shape of the new slip is shown
on Figure 6.

4.4.1 Relocate Pressure Sewer Line

A pressure sewer line from CMC Plant No. 1 currently runs through the
proposed new slip location. The pressure sewer line will be rerouted
around the new slip location before slip construction begins. Figure 6
indicates the approximate location of the current and rerouted pressure
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sewer lines. Water from dewatering for the sewer line work will not be
treated prior to discharging to the ground surface. Sewer construction
will conform to the Illinois Recommended Standards for sewage work and the
Standard Specifications for Water and Sewer Main Construction in Illinois.

4.4.2 Relocate Sand Pile

A large pile of sand lies along the eastern bank of the Upper Harbor and in
the vicinity of the new slip. A portion of this material will be cleared
from the path of the proposed new slip and relocated pressure sewer line.
The cleared material will be relocated to the east side of the remaining
sand pile or spread on the property owned by OMC (Figure 6).

4.4.3 New Slip Construction

An existing concrete footing, lying parallel to the east shore of the Upper
Harbor (Figure 6), will be removed from the proposed slip mouth and dis-
posed of at a solid waste disposal facility approved by U.S. EPA. The new
slip (Slip 4) will be constructed of steel sheet pile walls. The design of
the sheeting, including tiebacks and structural support, will be complete
early in the design phase to allow for early installation of the new slip.

The new slip will be excavated to an elevation of 568 feet IGL or less.
The specific elevation will be defined in the design phase and confirmed in
accord with the soundings procedures of Section 4.5.3. The excavated soils
(from the new slip) will be spread on property owned by OMC. The existing
Upper Harbor sheet pile wall at the mouth of the new slip will be removed
after excavation of these soils. A cross section of the new slip is shown
on Figure 7.

Boat slips and fuel dispensing equipment will be installed at the new slip
to replace those lost due to construction of a containment cell in Slip
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No. 3. The installation will include new underground fuel storage tanks.
All equipment and installation methods for these new fuel tanks will meet
applicable federal, state, and local design standards for underground
storage tanks.

4.4.4 OMC Process Cooling Water Intake

OMC presently draws process cooling water through an intake structure in
Slip No. 3. Prior to closing off Slip No. 3, the process cooling water
intake will be relocated to the new slip. The proposed route for the new
intake line is shown on Figu : 5.

Before closing Slip No. 3, as discussed in Section 4.5.1, the existing Slip
No. 3 intake will be sealed and the new slip intake will be put into
operation. When dredging occurs in the Upper Harbor, the new Plant No. 2
harbor water intake and CMC's Plant No. 1 harbor water intake will be shut
down. Water will be taken from alternate sources, until the silt curtain
is removed.

4.5 Harbor Area Soil Remediation

Figures 8 and 9 are site plans of the harbor area showing the location of
sand and muck layers to be dredged as part of the remedial action. Dredged
materials from Areas P through V, as shown on Figure 9, will be isolated in
Slip No. 3. Dredge materials from Areas M through 0, as shown on Figure 8,
will be relocated to the separate isolation area (Area W on Figure 13
located in the West Containment Cell). Once dredged materials have been
located in the separate isolation cell, such cell shall be dewatered and
provided with a temporary cover.
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4.5.1 Slip No. 3 Isolation

After the new slip is constructed and the new OMC process cooling water
intake is operational, Slip No. 3 will be isolated from the Upper Harbor by
the construction of a double-walled, braced, and soil backfilled sheet pile
cutoff wall (cutoff wall). The cutoff wall will be backfilled with sand
from the sand pile along the east shore to the Upper Harbor or with other
clean soil with suitable structural properties. The tentative construction
details for this isolating structure are shown on Figure 10.

4.5.2 Slip No. 3 Soil-BentQPite Slurry Wall

After Slip No. 3 is isolated from the Upper Harbor, a soil-bentonite slurry
wall will be installed through the cutoff wall and around the remainder of
Slip No. 3. The slurry wall shall have a thickness of three feet and shall
be keyed into the underlying clay till, in accord with Section 2.1.3.
Figure 10 shows the approximate location of the slurry wall centerline, the
Slip No. 3 double sheet pile wall, and cutoff wall. Actual locations of
these walls will be submitted to U.S. ERA for review and approval during
final design. No above-ground structures are expected to interfere with
the proposed slurry wall location. Foundation details for the structures
in the immediate vicinity will be reviewed during the design phase to
evaluate support requirements, however, underpinning of structures is not
anticipated.

There are two water craft refueling stations with underground tanks at the
Larsen Marine complex. The underground tanks which are in the way of the
slurry wall will be removed. Such removal shall be in accord with appli-
cable local, state, and federal law ordinances and regulations. The area
will be backfilled with soils from the relocated sand pile. The under-
ground storage tanks and underground piping will be cut up and disposed of
as scrap metal to the extent allowed under applicable local state and
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federal law ordinances and regulations. The tanks and piping will be
checked for leaks or spillage before excavation. If the underground
storage tank system has leaked, the appropriate remedial actions will take
place and U.S. ERA will be promptly notified prior to construction of the
soil/bentonite slurry wall constructed for containment of Slip No. 3.

During construction of the slurry wall, the abandoned outlet pipe and the
existing cooling water intake pipe at the west end of the north side of
Slip No. 3 will be severed and plugged. Existing below ground storm drains
which discharge to Slip No. 3 will be rerouted outside of the slurry wall
location to discharge into the Upper Harbor. Sections of the storm drains,
outlet pipe, and intake pipe, which are removed during construction of the
slurry wall, will be placed into the east end of Slip No. 3.

Construction of the slurry wall will occur from a clay working platform
along the proposed slurry wall centerline. The bentonite/water slurry
mixing area will be located on OMC property near the new slip and the
slurry will be transported to the slurry wall excavation area via pipeline.
The mixing area for soil-bentonite backfill mix will be located on OMC
property near the new slip with soil transported to and from the site of
the excavation by truck or other methods developed during design. The
slurry wall backfill mix composition will be determined as part of the
design work.

4.5.3 Slip No. 3 Soil Removal

After completion of the Slip No. 3 isolation, the muck layer west of the
gantry crane runway pads, identified as Area 0 on Figure 8, will be removed
by hydraulic dredging to an elevation of 565 feet IGL. Different dredging
equipment may be provided for Slip No. 3 and the Upper Harbor. The basis
for the selection will be presented in the design report. For all portions
of the remedial action which require removal by dredging excavation of
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underwater sediments at the site, the following procedures shall be
applicable.

1. Dredging efficiency shall be based on the best hydraulic dredging
equipment available at the time final selection of dredging
equipment is approved by U.S. EPA, and using the best dredging
techniques. The best dredging techniques available shall be
chosen to minimize resuspension and maximize removal efficiency
during dredging.

2. Dredging or excavating will be completed to the designated eleva-
tions listed herein and in accord with additional guidelines
established during design and detailed in the Design Report. The
designated elevations are the elevations believed to achieve
excavation to the sand or till layer. During the design phase,
the elevation of the sand layer and the till layer will be con-
firmed by probing and set forth in the Design Report. A sampling
procedure for post-dredging soundings will be submitted to U.S.
EPA for review and approval as part of the remedial action QAPP.
The post-dredging soundings are intended to verify that the
excavation to the elevation of the sand or till layer has been
achieved. If said elevation has not been achieved, additional
excavation will be done until said elevation is reached.

3. Bottom samples will be recovered to verify that the designated
completion layer was encountered.

4. For excavations solely on land portions of the site, excavations
to the designated grade lines will be confirmed by established
land surveying techniques.
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After the completion of the dredging of Areas N and 0, a cofferdam or
equivalent isolating structure will be constructed at the west end of Slip
No. 3 to enclose the sand within Areas M and N of Figure 8, and to provide
temporary support for the soil/bentonite containment cell during excava-
tion. The type of temporary support structure will be determined during
the design phase. The soils within Areas M and N will be removed by
hydraulic dredging or some other method identified in the design report as
approved by U.S. ERA to the designated elevations established during the
design phase. Removal will be complete when such designated elevations
have been confirmed by the verification procedures outlined in paragraph 2,
above.

The select soils (Areas M, N, and 0) removed from Slip No. 3 will be trans-
ported to the separate isolation area (Area W on Figure 13), in the West
Containment Cell. Transportation procedures will be presented in the final
treatment design, treatment work plan. The water generated during movement
of the soils to the separate isolation area will be returned directly to
Slip No. 3 by pumping without treatment. The separate isolation area will
be covered with a temporary cover once dredging is complete in Areas M, N,
and 0, and the sediments are being dewatered. The design of the separate
isolation area will be completed during the design phase.

4.5.4 Upper Harbor Sediment Removal

The Upper Harbor will be dredged, using hydraulic methods, to the eleva-
tions and boundaries indicated on Figure 9. The excavated soils and sedi-
ments will then be placed in the Slip No. 3 Containment Cell. In no case
will dredging occur that would effect the structural integrity of the wall.
Dredging will be in accord with the requirements found in Section 4.5.3.

To prevent the movement of suspended particles and floating oil from the
Upper Harbor during dredging operations, a silt curtain and oil boom wi l l
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be installed at the southern end of the Upper Harbor and at the mouth of
the new slip prior to dredging activities in the Upper Harbor. A surface
oil skimmer or such similar device will be used to collect oil that may
accumulate on the water surface during the dredging operations. Water from
the Upper Harbor dredging will be removed from Slip No. 3 with an overflow
weir and treated by coagulation and filtration before discharge back to the
harbor. Water may also be removed from beneath the sediments placed in
Slip No. 3 during dredging by the operation of dewatering wells screened in
the sand. The dewatering well option provides a means to accelerate the
consolidation of the sediments placed in Slip No. 3. The Design Report
will include a plan for monitoring the Harbor during dredging and a plan
for specifying actions to be undertaken in the event of significant move-
ment of suspended solids and floating oil beyond the silt curtain.

Upon completion of the Upper Harbor dredging, the Upper Harbor will be
treated with a coagulant to settle suspended sediment particles. The
coagulant used will meet American Water Well Association (AWWA) water
treatment standards and is subject to U.S. EPA approval. The silt curtains
will be removed no sooner than 48 hours following the coagulant treatment.

4.5.5 Dewaterinq Slip No. 3

Slip No. 3 will be dewatered continuously upon completion of the Upper
Harbor dredging. The dewatering will allow consolidation of the dredged
materials relocated to the slip so that the Slip No. 3 containment cell may
support a closure cover. Adequate consolidation is estimated to require up
to two years. The consolidation of the cell contents will be monitored
continuously relative to benchmarks located at the Site. A protective soil
cover of at least 3 inches will be maintained on the cell during consolida-
tion to minimize exposure of the contained materials. Water will be ex-
tracted during consolidation by a system of extraction wells installed
through the temporary cell cover or through other appropriate drainage
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measures considered during the design phase. The extracted water will be
treated in accordance with the requirements of Section 4.6.14.2 prior to
discharge to the Upper Harbor.
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4.5.6 Slip No. 3 Closure

Slip No. 3 will be closed after at "leaic 90 percent primary consolidation
of the dredged soils. Ninety percent consolidation will be determined in
accordance with the procedures presented in the design report. After
completion of consolidation, extra fill will be added, if needed, to bring
the backfilled slip to desired grade before placing the final cover. This
elevation shall be established during the design phase and documented in
the design report and specifications. The final cover will be one to
four feet above surrounding land surface to provide water runoff and
diversion ™*y from the IPC.

The ground water extraction wells and piezometers will be installed in the
containment cell prior to placing the containment cell cap. The extraction
wells and piezometers will be screened in the sand at the bottom of the
containment cell.

The containment cell will be closed by installing an impermeable protective
cover over the entire cell. The extraction wells and piezometers will
protrude through the cover. The final cover may include a surface covering
compatible with limited land surface usage after completion of the closure.
Examples of the cap details for both vegetative and asphalt covers are
shown on Figure 14 and are applicable to all three containment cell caps.
The cover design will comply with the design criteria set forth in Table 1
and RCRA regulations as outlined in 40 CFR 264.310. Surface water runoff
from the cover will be directed to the Upper Harbor by lined drainage
ditches. Monitoring wells, which are paired to the piezometers inside the
cell, will be installed outside of the cell, Section 4.7. After completion
of the final cover, the chain-link fence will be removed.
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4.6 North Property Grounds

Two containment cells will be constructed on the North Property Grounds
area.

Figures 11 and 12 are site plans of the west and east portions of the north
property grounds, respectively, showing the location of the two containment
cells and the known utilities. Figures 13 and 14 are site plans of the
west and east portions of the north property grounds, respectively, showing
the location of the soils requiring remedial action. Areas C through I on
Figure 13, are select soils and sediments which will be excavated and
treated. All other soils in the north property grounds area (Areas A, B,
J, K, L, and X) will be placed in the West Containment Cell.

4.6.1 Crescent Ditch and Oval Lagoon Bypass Ditch

CMC's process cooling water discharges to the east end of the Crescent
Ditch, and a storm drain, which serves off property acreage, enters at the
west end of the Crescent Ditch. Waters from the Crescent Ditch discharge
to the North Ditch via the Oval Lagoon. Since the West Containment Cell
will enclose the Oval Lagoon and the Crescent Ditch, the storm drain and
process cooling water discharge will be rerouted around the Crescent Ditch
prior to installing the West Containment Cell slurry wall (see Figures 13
and 11, respectively).

The storm drainage which feeds the west end of the Crescent Ditch will
bypass the west and north side of the proposed containment cell location
through a covered culvert and connect with the existing east-west portion
of the North Ditch (see Figure 13). The culvert will be backfilled to
grade with excavated soils which have been removed from the area to install
the culvert. The soils in Areas A and B (See Figure 13) will be excavated
and placed within the West Containment Cell during excavation of the bypass
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ditch. Areas A and B will be backfilled to original elevation with clean
fill taken from the bypass ditch excavation or the new slip excavation.
Dewatering will occur during the excavation of Areas A and B to facilitate
the excavation and prevent the movement of materials suspended in the
surface water. Dewatering will consist of withdrawing the surface water by
sumping from the area of excavation until the excavation and backfilling
are completed.

4.6.2 Sheeted Area and Separate Isolation Area

The soils and sediments in Area D (Figure 13) will be isolated with steel
sheeting driven to the clay till. The select soils in Area D are
approximately 25 feet deep and the steel sheeting will facilitate the
excavation of these soils prior to their treatment.

A separate isolation area, Area W on Figure 13 for temporary containment of
select soils from Slip No. 3 and Area C, will be constructed within the
West Containment Cell after installing the West Containment Cell slurry
wall (Figure 13). The separate isolation area will be constructed within
the West Containment Cell by pushing the soils out from the center of the
area to form a surrounding dike and placing an impermeable synthetic liner
within this area.

The dike surrounding the separate isolation area will prevent run-on and
run-off of surface water. The liner will provide a barrier to separate the
select soils from the other soils within the West Containment Cell. The
liner is a temporary barrier to prevent the introduction of water from Slip
No. 3 into the West Containment Cell during dredging of select soils from
Slip No. 3. The liner will likely be damaged during the excavation of the
select soils for treatment and is not intended as a permanent barrier. An
underdrain system will be installed above the liner at the bottom of the
area and a weir system will be constructed within the area to aid the
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dewatering of select soils. Soils may be excavated from the northwest
portion of the West Containment Cell, shown as Area W on Figure 13, to
provide additional containment volume ',,, the separate isolation area.
Because soil from Area W has less than 50 ppm PCBs, soil excavated from
Area W will be stockpiled outside of the West Containment Cell, in
accordance with the Design Report approved by U.S. ERA.

Because Area C is near the slurry wall centerline, the soil will be exca-
vated and placed inside the separate isolation area of the West Containment
Cell or in the sheeted Area D before the West Containment Cell slurry wall
is installed (Figure 13). Area C will be backfilled with non-select soils
from within the West Containment Cell boundary.

Dewatering will occur during the excavation of Area C to facilitate the
excavation and maintain an inward hydraulic gradient of ground water to the
area of excavation. Dewatering will consist of withdrawing the surface
water from temporary sumps in the area of excavation until the excavation
is completed. All withdrawn water will be treated in the construction
water treatment facility (Section 4.6.12) prior to discharge to North
Ditch.

4.6.3 Reroute Sewer Line Around West Containment Cell

A sanitary sewer line currently runs through the proposed West Containment
Cell location. The sewer line will be rerouted around the southern side of
the containment cell (see Figure 11). Excavation work for rerouting the
sewer line will only occur outside of the containment cell. This excava-
tion work will require dewatering.



Section: 4.0
Revision No.:
Date: August 22, 1988
Page: 46

4.6.4 West Containment Cell Slurry Wall

A working platform consisting primarily of clay will be constructed along
the slurry wall centerline after Areas A, B, C, and J are excavated and
backfilled with clean material from the bypass ditch excavation or the new
slip excavation. Construction of the slurry wall will occur from this
working platform.

4.6.5 West Containment Cell Closure

Ground water extraction wellc and piezometers will be installed in the
containment cell prior to capping the containment cell.

The West Containment Cell will be closed by installing an impermeable
cover over the entire cell. The extraction wells and piezometers will
protrude through the cover. The final cover may include a surface covering
compatible with limited land surface usage after completion of the closure.
Examples of the cap details for both vegetative and asphalt covers are
shown on Figure 14 and are applicable to all three containment cell raps.
The final cover will comply with the design criteria in Table 1 and RCRA
regulations as outlined in 40 CFR 264.310. Monitoring wells, which are
paired to the piezometers inside the cell, will be installed outside of the
cell, Section 4.7. After completion of the final cover, the chain-link
fence will be removed.

4.6.6 Reroute Storm Drain and Sewer Line Around East Containment Cell

A storm drain at the east end of the parking lot and a sewer line currently
run through the proposed East Containment Cell area. The sewer line and
storm drain will be rerouted around the East Containment area, as shown on
Figure 12. All sewer construction work will conform to the Illinois
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Recommended Standards for Sewage Work and the Standard Specifications for
Water and Sewer Main Construction in Illinois.

4.6.7 Gas Main

A high pressure natural gas main is presently located within the East
Containment Cell (Figure 12). The gas main will be rerouted around the
proposed containment cell location.

4.6.8 Miscellaneous Surface Soil Excavation

Area L will be excavated and backfilled with clean soils from the bypass
ditch excavation or the new slip excavation. The excavated soils will be
placed inside the West Containment Cell. Confirmation of excavation shall
be in accordance with the procedures in Section 4.5.3.

4.6.9 East Containment Cell Slurry Wall

The proposed East Containment Cell slurry wall location is shown on
Figures 12 and 14. A clay working platform will be constructed along the
slurry wall centerline after the storm drain, sewer line and gas main are
rerouted. Slurry wall construction will begin by installing the clay
working platform along the proposed slurry wall centerline. Construction
of the slurry wall will occur from this working platform. Portions of the
storm drain, sewer line, and gas main pipes crossing the slurry wall will
be removed. Other sections of these pipes will be abandoned in place.

4.6.10 East Containment Cell Closure

Ground water extraction wells and piezometers will be installed in the
containment cell prior to capping the containment cell.
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The East Containment Cell will be closed by installing an impermeable cover
over the entire cell. The extraction wells and piezometers will protrude
through the cover. The final cover may include a surface covering compati-
ble with limited land surface usage after completion of the closure.
Examples of the cap details for both vegetative and asphalt covers are
shown on Figure 14 and are applicable to all three containment cell caps.
The final cover will comply with the design criteria of Table 1 and RCRA
regulations as outlined in 40 CFR 264.310. Monitoring wells, which are
paired to the piezometers inside the cell, will be installed outside of the
cell, Section 4.7. After completion of the final cover, the chain-link
fence will be removed.

An erosion barrier which will be placed along the south shore of the North
Ditch adjacent to the East Containment Cell to prevent erosion of the soils
adjacent to the north face of the slurry wall. This barrier will be
designed during the design phase.

4.6.11 Excavate North Ditch Soils

Soils in the North Ditch (Area K on Figures 13 and 14) will be excavated to
Elevation 577 feet for a typical depth of 3 feet below the bottom of the
ditch. This elevation will be confirmed by the procedures outlined in
Section 4.5.3. The North Ditch will be isolated in sections by installing
sheet piling across the ditch. The excavated soils will be placed within
the West Containment Cell. The excavated areas will be backfilled to
original elevation with sand from the sand pile adjacent to the Upper
Harbor area shown on Figure 6. All water withdrawn from the immediate area
surrounding Area K will be treated in the construction water treatment
facility (Section 4.6.12) prior to discharge into the North Ditch. Excava-
tion of the North Ditch will commence at the west end and extend eastward
to the location directly south of the North Shore Sanitary District
(N.S.S.D.) outfall structure. Water upstream of the work area will be
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passed around the work area and returned to the North Ditch immediately
downstream of the work area. The bypassing water will not be treated.

4.6.12 Construction Water Treatment Facility

A short-term water treatment facility will be constructed for treating
water generated during the remedial construction activities. The facility
will consist of two separate systems; a sand filter system for treating
Upper Harbor dredge water from Areas P through V of Figure 13 (dredge water
system, also referred to as Category 1 water in Section 4.6.14) and two
systems for L,eating other w^tsr generated during implemenation of the
work. These waters are described as Category 2, Category 3, and Category 4
waters in Section 4.6.14. The maximum design flow rate for each system
will be submitted in the design report.

The system for treatment of Category 2, Category 3, and Category 4 water
shall consist of a multi-stage process where sediments are removed by a
filtration step using sand filtration, or other filter media. Following
the filtration, the water will pass through an activated carbon adsnrbtion
filter which will act as the polishing step of the treatment process.

All sand and accumulated sediments from the short-term water treatment
facility shall be disposed of the West Containment Cell or Slip No. 3
Containment Cell.

All lines leading to the water treatment facility and located outside the
containment cell, as well as the water treatment system components, will
include secondary containment to protect against potential line ruptures.
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4.6.13 Long-Term Water Treatment Facility

The short-term system for treating Category 2, Category 3, and Category 4
water will be replaced with a smaller permanent system capable of treating
water from the containment cells. The capacity of the smaller system will
be determined during the design phase.

The long-term treatment facility shall consist of primary and secondary
carbon contactors and may include a pre-filter step using cartridge fil-
ters. Treated water will be discharged to the west end of the North Ditch
or the Upper Harbor or the North Shore Sanitary District.

All lines leading to the water treatment facility and located outside the
containment cells, as well as the water treatment system components, will
include secondary containment to protect against potential line ruptures.
All exhausted treatment units from the long-term water treatment facility
will be properly disposed of off-site in accordance with applicable state,
federal, and local laws, ordinances, and regulations.

4.6.14 Water Treatment Criteria

The purpose of this section is to establish discharge criteria and operat-
ing conditions for the water discharge conditions described below.

1. Treatment systems for treating discharges;

2. Method of analysis for verifying PCB concentrations;

3. Effluent limits;

4. Locations of discharge.
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Water produced as a result of implementation of the Work can be separated
into five different categories. These categories are the following:

1. Category 1 water is produced during the dredging of the Upper
Harbor;

2. Category 2 water is produced during the dewatering of Slip No. 3;

3. Category 3 water is produced during the relocation of any site
utilities located within containment areas, the construction of
the East and West Containment Cells, and dewatering during
excavation of the North Ditch;

4. Category 4 water is generated as a result of treatment of selected
soils;

5. Category 5 water is generated during the operation and maintenance
of extraction wells within the three containment cells.

Each category of water will meet specific discharge criteria. The criteria
noted are applicable for discharge to the harbor or North Ditch. In the
event that certain effluent levels are not met, best management practices
will be initiated to optimize treatment of the discharge stream.

For each preceding category of water, PCB sampling required herein shall be
conducted and analyzed in accordance with U.S. EPA Method 608. All data
generated in the course of analyzing any sample shall be maintained and
submitted to the U.S. EPA. At no time shall any treatment works be by-
passed. The treatment systems set forth herein shall be constructed,
operated, and maintained so as to minimize violation of the established
effluent limit during such contingencies as floods, adverse weather, power
failure, and equipment failure through such measures as may be appropriate.
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In the event of an exceedance of the effluent limits, U.S. ERA must be
notified within 24 hours. All necessary corrective action measures will be
undertaken to achieve the established limits. Details on sampling protocol
will be submitted in the Design Report and Remedial Action QAPP to be
approved by U.S. EPA.

4.6.14.1 General Requirement for Design Report

The detailed specifications for construction of the Category 1 sand filter
water treatment system, the Category 2, Category 3, and Category 4 short-
term water treatment facilities and the Category 5 long-term v:-J:;r treat-
ment facilities shall be submitted for approval as part of the Construction
Drawings and Specifications required under Section 3.1 hereof. The maximum
design flow rate for each system will be submitted in the Design Report.
In addition, the Design Report will identify any chemicals used as part of
the treatment process which may appear in the water and the method of
treating such chemicals. The Design Report shall recommend the appropriate
discharge limit for any such chemicals, but the final discharge limit shall
be subject to approval by U.S. EPA and IEPA.

4.6.14.2 Specific Water Discharge Requirements

This section presents the specific discharge and monitoring requirements
for the water produced by the water treatment systems described above.

Except for the final effluent monitoring requirements, monitoring for PCBs
at any point within a treatment system, stated in the following paragraphs,
may be reduced upon a demonstration that such monitoring is not necessary
to assure compliance with the effluent limitation and discharge goals
stated in the following paragraphs. Said demonstration may be made as part
of the Design Report or at any later time utilizing all available
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information on said treatment system. Such request shall be submitted to
U.S. ERA for approval.

Category 1 - Upper Harbor Water

The Upper Harbor water is the water which is treated and returned to the
Upper Harbor during the Upper Harbor dredging activities. The preliminary
design of the Upper Harbor water treatment facility includes two 500 gpm
gravity feed sand filters, each with a design filter loading of
approximately 2 gpm/ft . Each sand filter will be approximately 16 feet
square and have a 3-foot-thick bed. The filter bed will be manually
cleaned. If the pre-design phase settling tests indicate that significant
sediment accumulation will occur on the sand filter, the sand filter design
will incorporate backflushing capability. If backflushing systems are

2provided, then the filter loading may be increased up to 5 gpm/ft . If
necessary, a polymer coagulant will be added to aid in the sedimentation
and filtration process.

During operation, the sand filter effluent stream will be sampled daily and
analyzed for PCBs in the shortest time practical not to exceed 72 hours.
The discharge shall not exceed 15 ppb. If the effluent concentration is
equal to or greater than 5 ppb PCBs, best management practices will be
undertaken to reduce the discharge level to less than 5 ppb. The manage-
ment practices shall be specified in the Design Report and may consist of
adding additional coagulant to the dredged water, adding activated granular
carbon or powdered carbon to the filter bed, or reducing the filter bed
surface loading.

Category 2 - Slip No. 3 Dewatering Water

The Slip No. 3 dewatering water is the water removed from Slip No. 3 after
the Upper Harbor dredging is complete and before placing the final cap.
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The discharge location into the Upper Harbor shall be specified in the
Design Report. Water treatment will include pressure sand filtration with
backflush capability and activated ca^nn adsorption through two carbon
adsorption units connected in series. Based on a preliminary design, the
sand filter will have a 50 gpm capacity and a bed loading of 3 gpm/ft .
Each carbon adsorption unit (carbon unit) will provide a 15-minute empty
bed contact time. The Design Report will indicate if a polymer coagulant
is necessary to aid in settling and filtering.

During operation, the effluent from the lead carbon unit will be sampled on
a daily basis. The influent to the sand filter will be sampled once per
week. All samples will be analyzed fo. PCBs and the results available in
the shortest time practical, not to exceed 72 hours using a detection level
of 0.1 ppb PCBs. If the lead carbon unit effluent concentrations is equal
to or greater than 1 ppb PCB on two consecutive days, the following shall
be done promptly:

1. The influent to the sand filter will be sampled and analyzed; '

2. The lead carbon unit will be removed;

3. The second carbon unit will be switched to the lead position;

4. A new carbon unit will be installed as the second carbon unit.

Analysis of the influent to the sand filter will indicate any significant
change in the untreated water quality. At no time shall the effluent from
the second carbon unit exceed 5 ppb. The effluent from the second carbon
unit shall be sampled on a weekly basis.
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Category 3 - North Property Grounds Dewaterinq Water

The north property grounds dewatering and construction operations water is
the water requiring treatment which is removed from the West Containment
Cell, North Ditch, and any other areas within the containment cells during
construction activities and before installing the final caps. The north
property grounds water treatment facility will have a design capacity of

o
100 gpm and a bed loading of 3 gpm/ft .

Each carbon unit will provide a 15-minute empty bed contact time. The
Design Report will ^'ndicate 4£ a polymer coagulant is necessa,,, to aid in
settling and filtering.

During operation, the effluent from the lead carbon unit will be sampled on
a daily basis. The influent to the sand filter will be sampled once per
week. All samples will be analyzed for PCBs and the results available in
the shortest time practical, not to exceed 72 hours using a detection level
of 0.1 ppb PCBs. If the lead carbon unit effluent concentration is equal
to or greater than 1 ppb PCB on two consecutive days, the following shall
be done promptly:

1. The influent to the sand filter will be samplad and analyzed;

2. The lead carbon unit will be removed;

3. The second carbon unit will be switched to the lead position;

4. A new carbon unit will be installed as the second carbon unit.
v

Analysis of the influent to the sand filter will indicate any significant
change in the untreated water quality. At no time shall the effluent from
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the second carbon unit exceed 5 ppb. The effluent from the second carbon
unit shall be sampled on a weekly basis.

Category 4 - Soil Treatment Processor Water

All process water generated by the soil treatment equipment will be
treated. The treatment plant process equipment will include a settling
tank/oil separator, sand filtration, and two carbon adsorbers connected in
series. The flow from the processor is dependent on the water content of
the processed soil and is expected to be approximately 5 to 10 gpm. The
influent to the Category 4 system will be monitored on a weekly basis.

The effluent from the lead carbon unit will be sampled on a daily basis and
analyzed for PCBs and the results available on a 72-hour turnaround basis.
Category 4 water shall be discharged to the North Shore Sanitary District
upon approval by the District, and by U.S. ERA and IEPA. If, in the event
Category 4 water is not discharged in this manner, said water may be
discharged on-site at a location approved by U.S. EPA.

The treatment system shall be designed to achieve PCB concentration in the
effluent no greater than 1 ppb. The average concentration of PCBs in the
final effluent for Category 4 water shall not exceed a running average of
1 ppb during a 30-day period during which water is generated and at no time
shall the effluent exceed PCB concentrations greater than 5 ppb.

Category 5 - Long-Term Water

The long-term water is the water extracted from each closed containment
cell. The long-term water treatment facility will be a cartridge filter
and two carbon adsorption units connected in series. For the first
completed containment cell, when the system is running continuously, a
sample will be taken weekly for the first six months, then monthly for the
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next six months (if approved by the U.S. ERA), then quarterly thereafter
(if approved by U.S. ERA), at a sample point at the influent to the
treatment system and also between the two carbon units. If the long-term
water treatment system is operated on an intermittent basis, at least one
water sample will be collected between the two carbon units at both the
start and the end of the operation. Samples shall be analyzed for PCBs.

If it is established through this monitoring program that the treatment
system for the first containment cell is operating efficiently to meet said
discharge limit, then a request may be made to reduce the sample frequency
and number of samples for the first, s^-ond, and third containment cells.
The frequency sampling schedule may also be modified, following approval by
U.S. ERA in the event the discharge occurs to the North Shore Sanitary
District.

If the sample equals or exceeds 1 ppb, two additional samples will be
collected within two weeks thereafter. If all three samples exceed 1 ppb,
the following will be done promptly:

1. The lead carbon unit will be removed;

2. The second carbon unit will be switched to the lead position;

3. A new carbon unit will be installed as the second carbon unit;

4. The cartridge filter element will be replaced.

The average concentration in the final effluent of Category 5 water dis-
charged shall not exceed a 1 ppb 30-day running average when water is
generated. The final effluent shall be sampled monthly. Category 5 water
may be discharged to the North Shore Sanitary District if the District and
U.S. ERA and IEPA approve such discharge. Such approval shall not be
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unreasonably withheld. In the event Category 5 water is not discharged to
the District, said water may be discharged on-site at a location approved
by U.S. ERA. Category 5 water shall be governed by the Operation and
Maintenance Plan after one year following completion of the final cap for
each containment cell.

4.7 Containment Cell Monitoring Wells and Piezometers

At least four monitoring wells and four piezometers will be installed
around each of the containment cells. The piezometers will be installed
prior to ^.^sing the eel"!:. The monitoring wells will be installed as soon
as possible after the slurry walls are completed. A schedule for install-
ing wells will be established in the Design Report. The wells and piezome-
ters will be installed across from each other with the wells at least five
feet outside the slurry wall and the piezometers approximately five feet
inside the slurry wall. The preliminary locations for the wells and piezo-
meters around the Slip No. 3, East and West Containment Cells are shown on
Figures 2, 3, and 4, respectively. The monitoring wells will have at least
a 5-foot section of No. 10 slot screen and will be constructed of 2-inch-
diameter Schedule 5 Type 316 stainless steel. The piezometers will have a
5-foot section of No. 10 slot screen and will be constructed of 1-inch-
diameter Schedule 80 PVC.

The actual number of piezometer and monitoring well pairs required will be
proposed in the Design Report. The monitoring points will be adequate for
accurate measurements of the piezometric level inside of each containment
cell when it is dewatered by the extraction wells.

4.8 Ground Water Extraction Wells

A series of extraction wells will be placed in each containment cell prior
to placing the final cover. The location and number of wells will be
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proposed in the Design Report based on the three-dimensional modeling of
the flow patterns around each containment cell under a constant dewatering
condition. The extraction wells will be used to dewater the containment
cells and maintain an inward hydraulic gradient. The procedures for
extraction well installation will be prepared during the design phase.
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5.0 SCHEDULE

The schedule for the design activities is provided in Table 2, and the
schedule for construction activities is provided in Table 3.



REFERENCES



TABLE 1

DESIGN CRITERIA

A. Containment Cell Bottom Soils

1. The soil thickness is greater than or equal to four feet.

2. The flow through the bottom is less than the flow through four
feet of soil with a permeability of 1 x 10 cm/sec.

3. Greater than 30 percent of the soil is finer than a No. 200 sieve.

B. Soil-Bentonite Slurry Walls

1. The slurry wall will be a minimum of three feet thick, and will be
at least 1/2-foot-thick for each 10 feet of hydraulic head across
the wall.

2. The slurry walls will be keyed into cell bottom soils such that
the flow underneath the wall through the clayey in-situ soils is
less than or equal to the flow directly through the soil-bentonite
slurry wall. The minimum depth of penetration of the slurry wall
key will be three feet into the clayey till below any permeable
lenses, weathered zones, desiccation cracks, or other geologic
features that might permit seepage under the well.

3. The slurry walls will have an in-situ permeability less than or
equal to 1 x 10 cm/sec.

4. The slurry backfill mix must be compatible with site ground water
and ground water that has contacted soils containing PCBs.

5. Slurry walls will have a minimum of a five-foot overlap at
corners.



TABLE 1

DESIGN CRITERIA
(Continued)

B. Soil-Bentonite Slurry Walls (Continued)

6. All slurry walls will be constructed vertically.

7. Slurry levels will be maintained at least two feet above the
ground water table during construction.

C. Containment Cell Cover

1. The top of the containment cell will be at least 2 feet above the
monthly mean 100-year lake level (40 CFR 761.75).

2. Containment cell cover design shall comply with the RCRA
regulations, as outlined in 40 CFR 264.310.

3. A topsoil cover, if used, will be a minimum of 6 inches thick.

4. The slope of a cover will be between one and five percent.

5. The cover will have a surface drainage diversion system around the
perimeter of the cap.

6. The drainage layer below the top of the cap will have a hydraulic_2
conductivity of greater than 1 x 10 cm/sec.

7. If a topsoil cover is used, the drainage layer will be overlain by
a filter media.

8. The bottom layer will be located two feet below ground surface and
will have a slope of at least two percent.

9. The bottom layer will consist of a synthetic liner with a minimum
of 40 mil thickness.



D. Slip No. 3 Requirements

TABLE 1

DESIGN CRITERIA
(Continued)

1. The side of the Slip No. 3 containment exposed to the harbor will
be protected from erosion and damage due to collision of boats.

2. The slurry wall on the east side of the Slip No. 3 containment
cell will be protected from frost action.



TABLE 2

DESIGN SCHEDULE

Start Time After Submission Date
Task Entry of Decree From Start Time

1. Pre-design data collection as set forth 15 days 210 days
in Section 2 of the IPC Work Plan

2. Construction drawings in accordance with 75 days 90 days
Section 3.1 of the IPC Work Plan, construc-
tion specifications in accordance with
Section 3.2 of the IPC Work Plan, and
applicable sections of the Design Report
in accordance with Section 3.3 of the IPC
Work Plan for construction of the new si IP _
as specified in Section 4.4 of theTPC
Work Plan.

3. Construction drawings in accordance with 135 days 90 days
Section 3.1 of the IPC Work Plan, construc-
tion specifications in accordance with
Section 3.2 of the IPC Work Plan and
applicable sections of the Design Report,
for construction of water treatment systems
as specified in Section 4.6.12, 4.6717", ~anol
4.6.14 of the IPC Work Plan.

4. Submission of Design Jtegort 105 days 180 days

Design Report shall mean:
1. Construction drawings in accordance with Section 3.1 of the IPC Work Plan and

construction specifications in accordance with Section 3.2 of the IPC Work Plan
for construction of the East, West, and Slip No. 3 Containment Cells as
specified in Sections 4.5 and 4.6 of the IPC Work Plan;

2. The Design and Analysis Report (Section 3.3 of the IPC Work Plan);

3. The Remedial Action Quality Assurance Project plan (Section 3.4 of the IPC Work
Plan);

4. The Remedial Action Health and Safety Plan (Section 3.5 of the IPC Work Plan);

5. The Treatment Design and Operations Plan;

6. The Treatment Quality Assurance Plan;

7. The Treatment Health and Safety Plan.



TABLE 3

CONSTRUCTION SCHEDULE1

Task
Construction of new slip as specified
in Section 4.4 of the IPC Work Plan

Construction of water treatment facili-
ties as specified in Section 4.6.12 of
the IPC Work Plan
Construction of West Containment Cell
(without cap) as specified in
Sections 4.6.1, 4.6.2, 4.6.3, and 4.6.4
of the IPC Work Plan
Construction of Slip No. 3 Containment
(without cap) and soil removal from
Slip No. 3 as specified in Sections 4.5.
4.5.2, and 4.5.3 of the IPC Work Plan
and commencement of dewatering as
specified in Section 4.5.5 of the IPC
Work Plan.

2Dredge Upper Harbor as specified in
Section 4.5.4 of the IPC Work Plan

Complete and submit pilot test pursuant
to Section 4.1 of the Treatment Design
and Operation Plan
Excavation of select soil from North
Property Grounds (Section 4.6 of the IPC
Work Plan) and treatment of select soils
and sediments as specified in Treatment
Work Plan

Excavation of North Ditch as specified in
Section 4.6.11 of the IPC Work Plan

Construction and closure of East Contain-
ment Cell as specified in Sections 4.6.6,
4.6.7, 4.6.9, 4.6.10, and 4.7 of the
IPC Work Plan

Start Time
Within 60 days of
approval of design of
new slip

Completion
From Start Time

150 days

Within 120 days of
approval of design of
water treatment facilities
Within 60 days of approval
of design of West Contain-
ment Cell

Within 15 days of complet-
ing new slip (Task 1)

90 days

180 days

210 days

Within 15 days of complet-
ing Slip No. 3 containment
(Task 4)

90 days

Within 180 days of commencing construction
of Slip No. 3 containment (Task 4)

Within 15 days of complet- 300 days
ing Slip No. 3 containment
(Task 4) or within 15 days
of approval of pilot test
(Task 6) pursuant to
Section 4.1 of the Treatment
Design and Operation Plan.

Within 210 days of complet- 90 days
ing Slip No. 3 containment
(Task 4)

Within 15 days of complet- 150 days
ing North Ditch Excavation
(Task 8)



TABLE 3

CONSTRUCTION SCHEDULE1
(Continued)

Completion
Task Start Time From Start Time

10. Closure of the West Containment Cell as Within 15 days of comple- 60 days
specified in Sections 4.6.5, 4.6.8, and tion of either North Ditch
4.7 of the IPC Work Plan Excavation (Task 8) or soil

treatment (Task 7), which-
ever is completed last

11. Closure of the Slip No. 3 cell as Within 60 days of time at 120 days
specified in Sections 4.5.6 and 4.7 of which primary consolida-
the IPC Work Plan tion reaches 90 percent

Notes:

Start times and completion times may be extended up to 120 days due to winter
shutdown between December 1 and March 30. Winter shutdown shall only occur after
December 1, when weather conditions do not permit continuation of the work under
normal work conditions. Notice shall be given to U.S. EPA and IEPA of winter
shutdown. Aspects of the work not affected by the winter shutdown shall continue
during the winter shutdown.
2
Start times and completion times for Upper Harbor dredging are based upon initiating
dredging activities in the fall and having 90 days for dredging between October 1
and April 30. Start and completion times for Upper Harbor dredging will be extended
as required to meet this limitation. Dredging of Upper Harbor beyond April 30 will
occur only if such dredging will not conflict with the boating season as regulated
by the Waukegan Port Authority.
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VERTICAL EXTENT OF DREDGING BASED ON 1980 TOP OF
SAND CONTOURS. SEE MASON AND HANGER REPORT. EPA
JOB No. 606, "DREDGING AND WATER TREATMENT FOR
REMOVAL OF PCB CONTAMINATION IN WAUKEGAN HARBOR."
TOP OF SAND, WHERE PRESENT, TO BE CONFIRMED AFTER
DREDGING.
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OR CLAY TILL
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SCALE

LIMITS OF DREDGING FOR
50 PPM MUCK LAYER

200 FEET

UPPER HARBOR MUCK LAYER
LIMITS OF DREDGING

WAUKEGAN HARBOR, WAUKEGAN, ILLINOIS
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OPERATION AND MAINTENANCE PLAN
WAUKEGAN HARBOR SITE
WAUKEGAN, ILLINOIS

1.0 INTRODUCTION

This document constitutes the Operation and Maintenance (O&M) Plan for the
Waukegan Harbor Site (Site).

When the remedial activities at the Site are complete, three separate soil-
bentonite wall-enclosed containment cells with covers, ground water extrac-
tion wells, ground water piezometers, ground water monitoring wells, and a
water treatment facility will be operated and maintained. The three con-
tainment cells are shown on Figure 1 and are designated as the Slip No. 3
Containment Cell, West Containment Cell, and East Containment Cell. The
containment cells will encompass areas of 1.5 acres, 3.4 acres, and
5.5 acres, respectively, and will be covered with a combination of bitumi-
nous concrete and vegetative covers. Table 1 summarizes the composition of
each cell cover. Ground water extraction wells in each containment cell
will provide an inward hydraulic gradient by maintaining the water level
within the cell at a lower hydraulic level than the natural ground water
level outside the cell. Piezometers within each cell will be paired with a
ground water monitoring well outside the cell. The monitoring well/piezo-
meter pairs will be used to monitor the hydraulic gradient across each
containment cell boundary. The ground water monitoring wells will also be
used for obtaining samples of the ground water immediately outside of each
containment cell soil-bentonite wall. The ground water treatment facility
will treat the ground water extracted from each containment cell prior to
discharge into Lake Michigan.

The operation and maintenance of the water extraction and treatment system,
containment cell caps, and ground water monitoring system will continue for
the period provided by Section V.D.9 of the Consent Decree. The program
will include a regular inspection and monitoring schedule as described in
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the following section. An indication of PCBs in the monitoring well system
will be assessed under the compliance procedures in Section 4.0, and if the
results indicate the soil-bentonite wail is failing to operate as designed,
the wall will be repaired subject to approval of the United States Environ-
mental Protection Agency (U.S. EPA). The operation and maintenance program
is subject to modification pursuant to Section V.D.9 of the Consent Decree.
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2.0 MAINTENANCE OF FINAL COVER AND INSPECTION

The top surface of the final cap will consist of either bituminous concrete
or top soil overlying a synthetic drainage layer and an HOPE synthetic
liner. The top surface of the cap will be inspected in accordance with the
following schedules, and repairs will be completed as soon as practical,
weather conditions permitting, after discovery of need for repair. Inspec-
tions will provide a regular documented method of insuring the integrity of
the protective cover.

2.1 Inspection Schedule

If a bituminous concrete cover is installed, it will be inspected each
spring during the post-closure care period. Cracks will be sealed with
asphalt sealer. Potholes or other deterioration of the asphalt surface
will be repaired using procedures recommended by the Asphalt Institute in
MS-16 (Asphalt Pavement Maintenance, 1967).

If a vegetation and topsoil cover is installed, it will be mowed twice per
growing season and fertilized annually in the spring of each year during
the post-closure care period. In addition, the vegetative cover will be
inspected every three months during the first two years after completion of
closure, semi-annually for the next two years and each spring during the
remainder of the post-closure care period.

Any gullies or washes in the top soil cover will be backfilled, compacted,
reseeded, and mulched with straw. Any areas of dead vegetation will be
similarly treated. Lined or riprapped drains will be installed if persist-
ant erosion recurs in the same location.
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If it is necessary to excavate into the containment cell or if damage
otherwise occurs to the drainage layer or synthetic liner, the following
repair procedures will be followed.

1. The synthetic surface will te exposed and inspected for signs of
physical damage (punctures, slits, or tears). This may require
cutting and removing or rolling back the synthetic drainage
materials.

2. The liner will be exposed at least 12 inches in all directions
from the damaged area.

3. In the case of a puncture, the damaged area will be repaired by
the application of extruded material or a glued patch.

4. For a tear, slit, or large puncture, the flaw will be overlain by
a panel of the same material which will be bonded to the existing
liner by an extrudate weld or by glueing.

5. The extrudate weld or glued seam will be checked using a vacuum
box.

6. The synthetic filter or drainage layer will be replaced and
fastened in place to the existing drainage layer.
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3.0 GROUND WATER MONITORING

At least 12 ground water monitoring wells, as specified in the design
report, will be sampled and analyzed for PCBs on a quarterly basis for the
first two years and semi-annually for the remainder of the post-closure
period. Analysis for PCBs will be by gas chromatograph U.S. EPA
Method 608.

The ground water monitoring wells will be installed after completion of the
soil-bentonite slurry wall at each containment. The wells will be labeled
with permanent weatherproof designations. Background analysis will be
established by the first four quarterly seasonal samplings occurring after
well installation.

Ground water sampling will be completed in accordance with the Remedial
Action Quality Assurance Project Plan as follows:

1. The water level in the well will be measured and recorded using an
electric tape.

2. The electric tape will be rinsed with deionized water between
wells.

3. A sampling pump will be used to evacuate at least three well
volumes of water. The purge water will be discharged on the
ground surface unless previous sampling indicated PCB levels of
more than 0.010 ppm. Water which cannot be discharged on the
ground will be recharged into the containment extraction wells.



Section: 3.0
Revision No.:
Date: August 22, 1988
Page: 6

4. A pre-cleaned one liter glass bottle will be filled with water,
sealed, and transported to a laboratory which meets the quality
assurance standards for U.S. ERA Method 608.

5. The recharge rate of the well will be recorded for up to one hour.

The record keeping and chain-of-custody requirements for the sampling
program are in Appendix A.

The ground water elevations in each of the piezometer/ground water monitor-
ing well pairs will be measured quarterly and recorded on the ground water
elevation monitoring log, Table A-3. The measurements will be used to
control the extraction well pumps so that a hydraulic gradient differential
is maintained across the containment cell soil-bentonite wall. The fre-
quency of measuring and recording may be reduced, as approved by U.S. EPA,
if the rate of change in water elevations is less than an average of six
inches per month. Conversely, the frequency may be increased to account
for changes that may result from changes in lake level.

The ground water monitoring wells will be sounded annually to determine if
the well is open. Sounding will be completed with a string and steel
weight. The weight will be washed with distilled water between wells and
the string will be discarded.

Ground water detection monitoring, compliance monitoring, and corrective
action programs will be completed as follows:

1. Hazardous Constituents - Ground water monitoring will be for PCBs
and chlorinated organics per 40 CFR 761.75. The only other ground
water monitoring will be monitoring for pH, conductivity, and
temperature completed during the purging of the monitoring wells.
If the B.E.S.T. solvent extraction process is used for treating
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soils, the monitoring program for the West Containment monitoring
wells shall include triethyl amine.

2. Well Locations - The well locations will be on a vertical plane
boundary located approximately 20 feet from the soil-bentonite
walls enclosing each in-place containment. The boundary may be
closer or farther from the wall in certain locations to account
for proximity to structures or other obstructions. Each monitor-
ing well located on the boundary will be paired with a piezometer
installed approximately 5 feet inside the soil-bentonite wall so
that the differential water level across the soil-bentonite wall
may be determined.

3. Compliance Period - The operation and maintenance program will
continue for the period provided in Section V.D.9 in the Consent
Decree.

4. Detection Monitoring - Water samples will be analyzed for PCBs by
U.S. EPA Method 608 during detection monitoring. The detection
limit will be 1 ppb. Reported values for PCBs of 1 ppb to 5 ppb
above background will be noted for reassessment at the next moni-
toring event. PCBs results of more than 5 ppb above background
will be verified by resampling and analysis within two weeks of
receiving the laboratory results. A second result greater than
5 ppb above background will shift the ground water monitoring
program into compliance monitoring, as provided in paragraph 5.

If the detection monitoring results indicate that the PCB level is
consistently above the background level by less than 5 ppb and
shows a continued increase at a rate of 1 ppb/quarter or more for
three consecutive quarters, then the ground water monitoring
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program will move into compliance monitoring, as provided in
paragraph 5.

The U.S. EPA will be provided written notification of a shift to
compliance monitoring and a plan for the compliance monitoring
within four weeks of confirmation that compliance monitoring is
required. If the detection monitoring change in PCB level is
greater than 10 ppb, then the U.S. EPA shall be notified by phone
within 24 hours of confirmation of the detection monitoring
results.

5. Compliance Monitoring - Compliance monitoring will be completed
through the installation of additional monitoring wellpoints along
the compliance boundary and may include monitoring points beyond
the compliance boundary. The locations and construction details
for the additional ground water monitoring points will be sub-
mitted to the U.S. EPA for approval prior to implementation of
monitoring in the form of a Compliance Monitoring Plan within
30 days of the notification described in paragraph 4. The results
of the compliance monitoring program will be used to determine if
PCBs are migrating from the in-place containment area and will be
used to assess the location from which the PCBs are emanating.

An Assessment Report will be prepared assessing if PCBs are mi-
grating from the IPC cells and describing what, if any, corrective
action measures are necessary. The Assessment Report shall be
prepared in accordance with the approved Compliance Monitoring
Plan and shall be submitted to U.S. EPA for approval.

6. Corrective Action Program - If the Assessment Report indicates-
that corrective action is required, such corrective action will be
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carried out in accordance with this paragraph. The corrective
action program may include repair of the soil bentonite wall by
re-excavation and reinstallation, drilling and grouting, vibratory
beam grouting, or other repair methods. The details of the pro-
posed corrective action including the quality control and assur-
ance procedures and the monitoring procedures (the Corrective
Action Plan) required to verify the corrective action will be
submitted to the U.S. EPA for approval within 60 days of approval
of the assessment report. In the event that a delay in
implementing the corrective action may result in an imminent
release threatening public health and safety, the corrective
action may be implemented prior to the approval of the U.S. EPA.
The RPM shall be notified immediately by telephone, with
confirmation in writing, of any such corrective action measures.

Corrective Action will begin within 60 days of receiving U.S. EPA
approval for corrective action, in accordance with the schedule
and approved Corrective Action Plan.

3.1 Monitoring Well Maintenance

The elevation of the reference point on each monitoring well will be resur-
veyed at least once every five years. The top elevation will also be
resurveyed if modifications are made to the well or if the well is inad-
vertently damaged.

A well which becomes filled with sediment as measured by soundings or has
poor hydraulic performance will be cleaned by flushing with potable water.
Sampling will not occur for at least one month after flushing of the well.
If the well continues to perform poorly, the well will be replaced by
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installing a new well within 25 feet of the existing well and by decommis-
sioning the former well in accordance with Illinois Administrative Code,
Chapter I, Part 920.120, "Abandoned Wells'. N
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4.0 GROUND WATER EXTRACTION, TREATMENT, AND DISCHARGE

Ground water will be extracted from each containment cell at a rate which
maintains an inward hydraulic gradient across the soil-bentonite wall.
Average daily flow will be approximately 500 gallons per day and will
likely be pumped and processed by intermittent pumping from the extraction
wells.

The pumps will be inspected annually to insure that all high and low set
points are operable and that '.'... pump is in running condition. If pumping
the well does not reduce the water level in the containment, the pump will
be removed and the well screen cleaned with hydrogen peroxide or another
oxidizer.

Extracted ground water will be processed through the long-term water
treatment facility. The long-term water treatment facility will be a
cartridge filter and two carbon adsorption units connected in series. When
the system is running continuously, a sample will be taken monthly for the
first year, then quarterly (Appendix B) thereafter at a sample point at the
influent to the treatment system and also between the two carbon units. If
the long-term water treatment system is operated on an intermittent basis,
at least one water sample will be collected between the two carbon units at
both the start and the end of the operation. Samples shall be analyzed for
PCBs.

'If any sample equals, or exceeds 1 ppb, two additional samples will be
collected within two weeks thereafter. If all these samples exceed 1 ppb,
the following will be done promptly:

1. The lead carbon unit will be removed;
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2. The second carbon unit will be switched to the lead position;

3. A new carbon unit will be installed as the second carbon unit;

4. The cartridge filter element will be replaced.

The average concentration in the final effluent of Category 5 water dis-
charged shall not exceed a 1 ppb 30-day running average when water is
generated. The final effluent shall be sampled monthly. Category 5 water
may be discharged to the North Shore Sanitary District if the District and
U.S. ERA and IEPA approve such discharge. Such approval shall not be
unreasonably withheld. In the event Category 5 water is not discharged to
the District, said water may be discharged on-site at a location approved
by U.S. ERA.

The exhausted carbon will be containerized, manifested, and transported for
appropriate disposal, in accordance with federal, state, and local
regulations.

The treatment system will be located within a secondary containment ;rea
with a detection sump. If water spills from the carbon canisters or the
connecting piping, a high level alarm in the detection sump will cut off
electrical power to all extraction well pumps and will provide an alarm
sign to a designated operator or guard.

After five years from the date of the Certificate of Completion of the
Work, pursuant to Section XXIV of the Consent Decree, U.S. ERA may
establish different effluent limitations for Category 5 water if it
determines that such limitations may be achieved by the use of a best
available technology. Any such determination by U.S. ERA shall be subject
to dispute resolution procedures in Section XII of the Consent Decree.
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Any requirement of the Category 5 water may also be modified pursuant to
the Operatin and Maintenance Plan and Section V.D.9 of the Consent Decree.
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5.0 REPORTING

Monitoring results from the ground water monitoring wells and the extrac-
tion well treatment system will be submitted to the U.S. EPA on a quarterly
basis for the first two years and a semi-annual basis thereafter. The
results of cover inspections, extraction well maintenance, and treatment
system maintenance will be included with the reports on a yearly basis.

Reports will be issued within 45 days of receipt of each ground water
monitoring test result. Reports on the operation of the water treatment
system will be issued on a semi-annual basis. The discharge limits in the
water treatment reports will be certified by a corporate officer or his
approved designee.
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WORK PLAN
TREATMENT OF SELECT SOILS AND SEDIMENTS

WAUKEGAN HARBOR SITE
WAUKEGAN, ILLINOIS

1.0 INTRODUCTION

This Treatment Work Plan (Appendix IV to the Consent Decree) is part of the
Remedial Action Plan (RAP), as defined in Section III(L) of the Consent
Decree. The RAP consists of this Treatment Work Plan and the following
additional documents:

1. IPC Work Plan, Appendix III;

2. Pre-Design Quality Assurance Project Plan (PDQ), Appendix V;

3. Health and Safety Plan, Appendix VI;

4. Operation and Maintenance Work Plan, Appendix VII.

The RAP sets forth the agreed tasks to be performed to design and implement
the remedial and resource restoration activities hereafter referred to as
remedial action at the site.

The Treatment Work Plan presents the procedures and the schedule for
treating the select soils at the Waukegan Harbor Site (Site). The Work
Plan addresses materials handling of the select soils, Section 2.0;
treatment system efficiency, Section 3.0; emissions monitoring and air
considerations, Section 4.0; demobilization, Section 5.0; and a treatment
schedule, Section 6.0.

The treatment of select soils at the site is a component of the Waukegan
Harbor Site remediation. The select soils are defined in the "Work Plan,
In-Place Containment of PCBs, Waukegan Harbor Site, Waukegan, Illinois"
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(IPC Work Plan) (Appendix III) and include the Site soils and sediments
containing high concentrations of PCBs. The select soils are located at
two areas of the Site, Slip No. 3, and the West Containment Cell area,
Figure 1. As part of the IPC work, the select soils at Slip No. 3 will be
relocated to the West Containment Cell prior to treatment. The treatment
of select soils will separate at least 97 percent of the PCBs from the
treated soils. The treated soils will remain on-site in the West Contain-
ment Cell unless U.S. EPA approves an alternate on-site location.

The treatment facility will be located adjacent to the West Containment
Cell area, F^ure 2, and will generally operate on a continual basis,
24 hours per day, 7 days per week except for downtime for maintenance and
repairs.

The select soils fed (feed soils) to the treatment facility will contain
varying quantities of water, PCBs, and hydrocarbon oil. Separate soil,
water, and a PCB/hydrocarbon oil mixture will be recovered from the equip-
ment. The volume of PCBs that will go to off-site destruction may be
reduced by use of processing equipment capable of separating the PCB/hydro-
carbon oil mixture.

The recovered PCB and hydrocarbon oil product will be stored in a tank
meeting the requirements of 40 CFR 761.65 until transported for off-site
disposal. The off-site disposal will occur as expeditously as practical.
The product water will be treated on-site and discharged pursuant to
Section 4.6.14 of the IPC Work Plan.

The treated soils will be directed to a staging area within the West Con-
tainment Cell where they will be segregated into daily production lots
until analysis is complete. The feed soils and treated soils will be
sampled to obtain representative daily composites, as specified in
Section 3.0, and the composites will be analyzed to verify that the removal
criteria set forth in Section 3.0 have been met. The treated soils which
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meet the removal criteria of Section 3.0 will remain in the West
Containment Cell as backfill unless U.S. EPA approves an alternate on-site
location. Soils which do not meet the removal criteria will be retreated
and re-analyzed until the removal criteria are met.

Two types of treatment facilities are being considered for this applica-
tion. Both processes separate PCBs and oil from the water and soil. One
method completes the separation by solvent extraction, the other by anaero-
bic pyrolysis. Both processes would produce a separate water stream and
both processes will produce a PCB/hydrocarbon oil mixture which may be
further separated. The treated soils will have 97 percent or greater
reductions in PCB and hydrocarbon oil level with either processor.

Each processor may be the source of air emissions. The solvent extraction
processor emissions are limited to volatile organics due to fugitive losses
and volatilization from product streams. The anaerobic processor includes
the addition of heat which may result in the production of particulate
emissions, or sulphur dioxide.

The specific operational, monitoring and health and safety procedures to be
used during treatment will be presented in a Treatment Design and Opera-
tions Plan, a Treatment Quality Assurance Project Plan (TQAPP), and a
Treatment Health and Safety Plan, prepared and submitted for agency
approval after selection of the treatment process.
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2.0 MATERIALS HANDLING

2.1 Homogenization of Feed

The characteristics of the in-situ select soils vary from silt to sand and
contain varying amounts of organic silt, PCBs, hydrocarbon oil, and water.

Select soils which are in Slip No. 3 will-b e relocated to a separate isola-
tion area (Figure 2) in the West Containment Cell and dewatered prior to
treatment. The separate isolation area will be constructed by pushing the
existing soils out from the center of the area to form a surrounding dike
and placing a liner within the area. An underdrain system will be
installed above the liner at the bottom of the area, and a weir system will
be constructed within the area to aid the dewatering of select soils. The
select soils at the West Containment Cell area will remain in-situ until
treated with the exception of Area C, as described in the IPC Work Plan.
Removal of the select soils from Slip No. 3 and relocation to the separate
isolation area will result in all the select soils being contained in the
West Containment Cell area.

The select soil from Slip No. 3 will contain a mixture of sand and organic
silt which will be dewatered and covered with a temporary impermeable
cover, as specified in the IPC Work Plan to minimize volatilization
potential. The dewatered select soils from Slip No. 3 (silts) and the
select soil (sands) from the West Containment area will be excavated and
fed to the processor in a mixture of sand and silt or as separate sand and
silt feeds. The selection of the feed mixture will be as determined in the
treatment design and operations plan.

The treatment design and operations plan will also include a description of
the materials transport methods to be used to move sediments from Slip
No. 3 to the west containment, while minimizing losses of PCBs.
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2.2 Feed Delivery to Treatment Unit

The select soils will be delivered to the treatment unit on a demand basis
through a feed hopper.

The feed handling equipment will consist of a front end loader to deliver
the select soils directly to the treatment unit feed hopper and, if
required, a backhoe to excavate the in-situ select soils. Select soils
which contain a high liquid content will be homogenized with drier select
soils or pumped directly to the treatment unit feed hopper. The feed
characteristics will ^ dictateu by the actual treatment equipment, and
will be specified in the treatment design and operations plan.

2.2.1 Measurement of Feed

Weigh feeders and flow meters will be used to measure the quantity of
select soil being fed to the treatment unit each day.

2.3 Dust/Volatilization Control

Both processors will produce a final product (treated soil) that is dry and
may generate dust when handled. Dust will be controlled by spraying water
onto the treated soils or by using covers and enclosures at locations were
dusty soils are exposed to the atmosphere.

Although PCBs exhibit an extremely low volatilization potential,
volatilization is most likely to occur from the select soils containing
elevated levels of PCBs and the product stream of concentrated PCBs that is
removed from the select soils. Volatilization will be controlled by
keeping the select soils covered to the maximum extent practicable and
containerizing the recovered PCBs. Further, all vents which may emit
volatilized PCBs, including those vents which are safety pressure valves,
will be piped to an activated carbon bed.
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Personal protection equipment will be utilized by all personnel involved in
the treatment work. The type of protective equipment used and the desig-
nated time for use will be presented in the Treatment Health and Safety
Plan.

2.4 Disposal of Treated Soils

Treated soils will be separately stockpiled on a daily basis within the
West Containment Cell. Composite samples representing the feed soils and
corresponding treated soils of the day's production will be analyzed, as
described in Section 3.0. The soils which do not pass the processing
criteria (Section 3.0) will be reprocessed and re-analyzed. The treated
soils which pass the processing criteria will be redisposed of on-site in
the West Containment Cell unless U.S. EPA approves an alternate on-site
location.

2.5 Soils from Separate Isolation Area

The separate isolation area will be surveyed to determine the initial
elevations prior to stockpiling select soils for temporary storage.
Stockpiled select soils will be removed from the separate isolation area
and treated. A completion survey will be taken to confirm removal of the
stockpiled select soils from the separate isolation area.

2.6 Disposal of Recovered PCBs

The recovered PCS and oil will be stored in tanks meeting the requirements
of 40 CFR 761.65. The tanks will be equipped with nozzles and couplings to
empty the tanks. The tanks will be steel and will be inside a containment
berm of sufficient height to contain twice the contents of the tanks.
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The recovered PCB product will be removed from the tanks and disposed of
off-site in a manner consistent with TSCA. unless U.S. ERA approves use of
an alternative disposal method under TSCA.

2.7 Double Containment of Treatment System

The treatment equipment will be located adjacent to the West Containment
Cell (Figure 2). The area in the immediate vicinity of the treatment
equipment will be protected by a containment system capable of containing
the entire contents of the treatment equipment if a spill occurred. This
containment system will protect the soil., beneath the treatment equipment
in the event of minor spills or equipment failure. The treatment design
and operations plan will include the containment system design.

2.8 Process Water Treatment

All process water generated by the soil treatment equipment will be
treated. The treatment plant process equipment will include a settling
tank/oil separator, sand filtration, and two carbon adsorbers connected in
series. The flow from the processor is dependent on the water content of
the processed soil and is expected to be approximately 5 to 10 gpm. The
influent to the Category 4 (soil treatment processor water) system will be
monitored on a weekly basis.

The effluent from the lead carbon unit will be sampled on a daily basis.
The discharge standards shall be 5 ppb PCB daily maximum and a 30-day
running average of 1 ppb PCB. The second carbon unit will be placed into
the lead position and a new carbon unit will be placed into the second
position if the discharge standards are exceeded.
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3.0 TREATMENT SYSTEM EFFICIENCY

3.1 Sampling Feed Soil and Treated Soil Streams

Samples of the feed soil for each production lot and samples of treated
soil for the corresponding production lot will be collected at least once
every four hours during each day or, with agency approval, a decreased
sampling frequency if analysis indicates consistent results, to create
daily composites of the feed soil and treated soil. The sampling frequency
will be modified to outain representative composite samples if six sub-
samples per day is not representative. The daily composite samples for
both the feed and treated soil will be split into triplicate lots and one
lot for each composite will be analyzed for PCBs by gas chromatograph (U.S.
ERA Method 8080.3). The analytical results will be reviewed to determine
if the treated soils meet the PCB removal efficiency criteria, Section 3.2.

3.2 PCB Removal Criteria

The soil treatment operation consists of a 30-day start-up period and the
primary treating period. Both periods include separate PCB removal
criteria.

The 30-day start-up period will be a process start-up period. Treated
soils will be evaluated daily (Section 3.1). The treated soil will remain
in the daily production stockpile until the analytical results indicate
that the daily composite of the treated soils contains less than 500 parts
per million (ppm) PCB. The treated soils shall meet the PCB removal cri-
teria before redisposing of the treated soil into the West Containment Cell
unless U.S. EPA approves an alternate on-site location.

The primary treating period consists of all treatment following the 30-day
start-up period. Treated soils will be evaluated daily (Section 3.1). The
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treated soil will remain in the daily production stockpile until analytical
results indicate that the daily PCB removal efficiency is acceptable. The
cumulative removal efficiency shall be at least 97 percent for all soil
processed during the primary treating period. The treated soil shall be
redisposed of into the West Containment Cell unless U.S. ERA approves an
alternate on-site location.

The cumulative and daily removal efficiencies are calculated using the
following equations:

Cum. Eff-N = Cummulative PCB removal efficiency for days 31 through N, %

Eff.N = Daily PCB removal efficiency for day N, %

N

i!31 (Eff.jMIn PCB.)
Cum. Eff-N

N
E (In PCB,)
i-31 ^

Where Eff.N = d" PCBN - Out PCBN) x 10Q%
N In PCBN

In PCBN = Total weight of PCBs in feed soil for day N, Ibs.

Out PCBN - Total weight of PCBs in treated soil for day N, Ibs.

The total weights of PCBs in the feed (In PCBN) and treated soil (Out PCBN)
streams are determined by multiplying the composite PCB concentration for
day N by the weight of the soil fed to the .equipment or the treated soil
removed for day N.
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If a sample fails to meet the treatment criteria, the other two triplicate
splits of the feed and treated soil composite samples will be analyzed.
The results of the triplicate analyses nil! be averaged with the original
analysis, and the efficiencies will be reassessed. If treatment is
adequate, based on the average, the soil will be redisposed of in the West
Containment Cell unless U.S. ERA approves an alternate on-site location.
If the treatment is not adequate, the entire day's soil lot will be
reprocessed.

Treatment summary reports will be provided to U.S. EPA on a monthly basis.
Each report will include a summary of the daily weights and PCB concentra-
tions of the feed and treated soil and the calculated daily and cummulative
removal efficiencies. Each report will be reviewed and approved by the
treatment supervisor prior to issue to U.S. EPA. The TQAPP will address
the quality assurance guidelines for soil treatment operations.
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4.6 EMISSIONS MONITORING AND AIR CONSIDERATIONS

4.1 Air Monitoring

Both processors are contained systems that are designed with one or two
vents to the atmosphere. Both systems may be subject to minimal fugitive
losses of PCBs and, depending on the system, volatile organics or inorganic
combustion products.

Air moni'-.ing for PCBs '"nl occur at four monitoring stations to be
located around the perimeter of the treatment equipment. The Treatment
Design and Operations Plan will include air monitoring locations, parame-
ters to be monitored, air monitoring methodologies and frequencies for the
initial 30-day start-up period, an estimate of stack emissions, identifica-
tion of potential fugitive emissions sources and an estimate of the
emissions, stack height, stack gas flow rates, stack diameters, exit gas
temperatures, and descriptions of exhaust point locations relative to
surrounding structures. A pilot test will be completed before or during an
initial 30-day start-up period to verify emissions estimates and to opti-
mize pollution control equipment. A protocol and schedule for the pilot
test will be submitted as part of the Treatment Design and Operations Plan.
Within 30 days after completion of the pilot test, data from the pilot test
will be submitted for approval to U.S. EPA and IEPA pursuant to the proce-
dures of V.D.2 of the Consent Decree. A meterologic monitoring station
will also be provided at the site to provide wind direction, wind velocity,
and temperature information. PCBs will be monitored at least once per week
after the initial 30-day start-up period. Air monitoring will be conducted
in accordance with the specifications outlined in the approved Treatment
Design and Operations Plan.
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Since selection of the final monitoring details are dependent on the selec-
tion of either the B.E.S.T.™ or Taciuk processing sytem, each are generally
discussed below.

4.2 Air Emissions from the B.E.S.T.™ Process

The B.E.S.T.™ process system is designed with one fixed vent to the envi-
ronment. The process uses a nitrogen blanketing system which discharges to
the vent system if overpressure conditions occur. Also, the B.E.S.T.™
system has a non-condensible gas collection system from all condensers.
These vents flow to a vent collection system that consists of a refriger-
ated condenser (operating to 08F) followed by a spray water scrubber. The
estimate for the total TEA loss from the system will be about 2.0 pounds of
TEA per cubic yard of sediment treated. This TEA consumption leaves the
system as residual TEA remaining in the product, fugitive emissions
(through shaft seals, etc.) and losses through the vent collection system.

4.3 Taciuk

The Taciuk processor has a flue gas and an off-gas vent to the atmosphere.
The system, as designed, is a continuous anaerobic thermal process (ATP).
A flue gas treatment system consisting of a cyclone wet-scrubber, baghouse
filter, and gas phase activated carbon is provided to assure that the flue
gas discharge will contain less than 0.001 grams of PCB per kilogram of PCB
contained in the raw feed to the system.

The anaerobic pyrolysis treatment system stack emissions will also be
monitored for particulates and sulphur dioxide to meet the Illinois
Environmental Regulations for a fueled source and for other emmissions as
may be required by other applicable regulations to be identified in the
Treatment Design and Operations Plan. The stack will also be monitored for
PCBs and PCB by-products by the collection of a composite sample on a
weekly basis.
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The Taciuk processor will be designed to operate at a nominal five-ton per
hour rate.
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5.0 DEMOBILIZATION

After completion of the job, the treatment equipment exterior and the
containment area surface will be decontaminated by washing with a high-
pressure hot-water washer using detergent. The equipment interior will be
decontaminated by passing clean soil through the equipment for two hours.
After decontamination, the equipment will be removed from the Site. The
containment area will be decontaminated, demolished, and disposed of at a
licensed solid waste landfill. All wash water from the decontamination
process will pass through the on-site water treatment facility and dis-
charged to either Lake Michigan or the NSSD.
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6.0 SCHEDULE

The schedule for the treatment operations is shown in Table 3 of the In-
Place Containment Work Plan.
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QUALITY ASSURANCE PROJECT PLAN
PRE-OESIGN PHASE

WAUKEGAN HARBOR SITE
WAUKEGAN, ILLINOIS

1.0 PROJECT DESCRIPTION

1.1 Introduction

The purpose of the Quality Assurance Project Plan (QAPP) for the pre-design
phase of the work (in the Work Plan), Appendix V to the Consent Decree, for
the Waukegan Harbor Site (Site) in Waukegan, Illinois is to set forth the
prime responsibilities and prescribe the necessary procedures required to
assure that the project is executed in a manner consistent with the
National Oil and Hazardous Substance Contingency Plan and with generally
accepted and approved quality assurance objectives, that data generated is
precise, accurate, representative, comparable, and complete, and that
remedial action measures, specified in the work plan, will be completed as
specified.

This QAPP provides guidance and specifications to assure that:

1. All field determinations and results regarding sampling and
analysis are valid through the implementation of preventive
maintenance, equipment calibration, and approved analytical proto-
cols;

2. Sampling is conducted using sample tracking systems and chain-of-
custody procedures which properly identify samples being collected
and control those samples from field collection through analysis
and data reduction;

3. Records are produced and retained as documentary evidence of the
quality of samples collected and analyzed, the validity of applied
procedures, and the completeness of the work performed;
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4. Generated data is validated and appropriately used in calcula-
tions;

5. Calculations, evaluations, and decisions completed or deduced
during the execution of the pre-design phase are accurate,
appropriate, and consistent with the objectives of this Plan;

6. Construction activities are completed to the specifications
described within this Plan.

The requirements of this QAPP are appli^ble to the pre-design activities
of all participants in the remedial action at the Waukegan Harbor site in
Waukegan, Illinois. This QAPP will address all anticipated activities
necessary to execute the Work Plan pre-design activities as approved by the
U.S. EPA.

1.2 Project Summary: Waukeqan Harbor Site

1.2.1 Pro.iect Background

The Waukegan Harbor Site (Site) is located near the intersection of Grand
Avenue and Sheridan Road on the west shore of Lake Michigan in Waukegan,
Illinois, about 37 miles north of Chicago and 10 miles south of the
Wisconsin state border.

The presence of high levels of PCBs in soil and harbor sediments in the
vicinity of the OMC plant was discovered in 1976. From approximately 1961
to 1972, OMC purchased a hydraulic fluid used in the die-casting works that
contained PCBs. Some of the PCBs purchased may have escaped through floor
drains. The floor drains discharged to an oil interceptor system which
discharged to the North Ditch. Some of these PCBs escaped from a portion
of the oil interceptor, diversion and pump system, and were released to the
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Waukegan Harbor. The harbor area discharge was located in the western end
of Slip No. 3, and the north property discharge was in the Crescent Ditch.
This discharge pipe to the harbor was sealed in 1976.

1.2.2 Pro.iect Objectives

The objectives of this QAPP are to assure proper field and laboratory
procedures are employed in implementation of the pre-design investigation
set forth in the Work Plan.

1.2.3 Ha.ior Task Summary

1.2.3.1 Pre-Desian Work Plan

Major activities to be undertaken during the course of the pre-design phase
of the Work Plan and addressed by this QAPP include the following:

1. Soil sample collection and physical analysis;

2. Installation of piezometers in the Silurian bedrock;

3. Surveying of site features, including the location and elevation
of soil samples, ground water monitoring wells, sediment sampling
locations, topographic contours of the ground surface, and
piezometric contours of the ground water surface.

1.2.4 Reports

Quarterly status/progress reports will be prepared and submitted to U.S.
EPA which summarize the results of all sampling and/or tests and present
all other data generated during the proceeding quarter. Work Plan activi-
ties will be reviewed and the status of pending or completed activities
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will be indicated. Analytical and/or other documentation which support the
summaries presented in the quarterly reports will be available and fur-
nished to the U.S. ERA upon request.

Periodically, interim technical reports may be prepared to collate data and
summarize the progress of the Work Plan, present conclusions affecting the
scope or direction of continuing Work Plan activities. These reports will
be scheduled and identified in the quarterly status/progress reports.
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITIES

2.1 Organization

Quality assurance and control activities must occur at all levels of the
organization in order to consistently produce effective and correct
efficient solutions to a broad range of technical problems. The activities
of the QAPP Team for the Work Plan must remain independent of the activi-
ties of the project task force in order to assure that procedures and
protocols outlined in the Work Plan are carried out in a manner consistent
with U.S. EPA guidelines.

2.2 Responsibility for Quality Assurance/Quality Control

Responsibility for quality assurance and quality control depends upon the
project organization assembled to execute the work and on the maintenance
of the principle lines of communication between members of the organiza-
tion. Figure 1 shows the proposed task force for the implementation of the
Work Plan and the lines of communication between various key individuals.
The responsibilities of the Canonie task force and related managerial
departments are summarized below.

2.2.1 Pro.iect Manager

The project manager is responsible for maintaining a clear definition of
and adherence to the scope, schedule, and budget of the project. As a part
of this responsibility, he will:

1. Serve as the on-site communication link with the U.S. EPA;
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2. Provide immediate direction to staff involved in the completion of
tasks outlined in the Work Plan;

3. Supervise all work by Canonie and its subcontractors;

4. Maintain budgetary and schedule surveillance of the work and
regularly advise the Technical Project Director of the progress of
the Work Plan.

2.2.2 Ter^"-ical Pro.iect Director

The technical project director is responsible for the staffing and overall
administration of the project. As part of his QA/QC responsibilities, he
will:

1. Maintain the QAPP;

2. Indicate the types of QA/QC records to be retained as a permanent
part of the project file;

3. Provide for QA/QC audits of the work of task force members;

4. Approve reports and material for release to the U.S. EPA and IEPA,
and other external organizations;

5. Approve task plans and operating procedures related to the pro-
ject.

2.2.3 Pro.iect Engineer/Project Scientist

The project engineer is responsible for the implementation of the Work Plan
field activities, initial data acquisition, health and safety aspects of
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field activities, and for the proper selection and execution of procedures
which have been accepted for use in the Work Plan. As part of his QA/QC
responsibilities, he will:

1. Provide personal direction of technicians or subcontractors exe-
cuting Work Plan data gathering tasks and performing construction
activities;

2. Review the effectiveness of procedures and suggest changes which
will enhance or more efficiently accomplish the objectives of the
Work Plan;

3. Assist in the collection of samples so that sampling remains
representative of actual field conditions;

4. Assist in the maintenance of budgetary and scheduling surveil-
lance;

5. Administer the regular maintenance of equipment utilized in the
Work Plan to prevent unnecessary equipment failures and project
delays caused thereby.

6. Assist in the preparation of reports, submittals, and presenta-
tions to assure that data and conclusions accurately reflect
observed conditions in the field;

2.2.4 Task Leaders

The task leaders within the project task force are responsible for specific
engineering, scientific, and analytical operations required to accomplish
identified project objectives. As part of this responsibility, task lead-
ers wil 1:
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1. Initiate, develop, and check subtask plans, procedures, support
services and products;

2. Identify safety hazards and ensure that the associated risks are
reduced to acceptable levels;

3. Supervise and participate in operations, analyses, data collec-
tion, and data reduction;

4. Maintain samples, sample identification, and analytical equipment;

5. Generate required QA/QC records and reports;

6. Implement corrective actions identified by QA/QC reports.

2.2.5 Quality Review Team

The Quality Review Team reports directly to the corporate officer in
charge. The team is responsible for on-going surveillance of project
activities to ensure conformance to this Plan and to evaluate the effec-
tiveness of its requirements. The team has access to any Canonie personnel
or project subcontractors, as necessary, to resolve quality assurance/qual-
ity control problems. The team has authority to recommend that work be
stopped when the manner in which that work is being conducted appears to
jeopardize project quality. As part of this responsibility, the team will:

1. Monitor the correction of quality control problems, and alert
other task leaders where similar problems may exist or might
occur;
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2. Report to the corporate officer in charge concerning the quality
of the work, the procedures u t i l i z e d , and the services provided in
relation to the stated objectives of the project;

3. Provide for retention of QA/QC records;

4. Participate in QA/QC audits;

5. Recommend changes, where appropriate, to improve the effectiveness
nf nroject procedures or the procedures identified in this Plan;

6. Review proposed additions and/or changes to this Plan.

The Quality Review Team is directed by the Quality Assurance Coordinator,
who is responsible for evaluating and approving this Plan; scheduling and
conducting quality assurance/quality control audits; providing QA/QC re-
ports to the corporate officer in charge, the project manager, and the
technical project director on the results of audits by the Quality Assur-
ance Team and the necessity of preventive or corrective actions; and devel-
oping and initiating preventative and corrective actions, as required, in
conjunction with the project manager and technical project director.

2.2.6 Support Departments

Canonie's accounting department will be responsible for the financial
administration of subcontracts, the control of the payment of invoices, and
for overall budgetary matters.

Canonie's technical support department will provide services in the areas
of graphics, reproductions, word processing, data processing, and staffing.
Canonie's soils laboratory will be the soils testing laboratory for the
soil samples obtained during the ore-design work.
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3.0 QUALITY ASSURANCE OBJECTIVES

3.1 General

The quality of measurements made and data acquired during the Work Plan
process will be determined by the following characteristics: accuracy,
precision, representativeness, completeness, and comparability. Specific
objectives for each characteristic are established to develop sampling
protocols and ^dentify applic?hle documentation, sample handling proce-
dures, and measurement system procedures. These objectives are established
based on site conditions, objectives of the project, and knowledge of
available measurement systems. The subsequent use of these measurements in
calculations and evaluations is also subject to aspects of this Plan as
described in the following sections.

Canonie will collect all soil samples and direct all field measurements in
completing the work presented in the Work Plan. Sample collection and
field handling will be in accordance with the sampling and sample handling
protocols established in this Plan. All soil samples will be analyzed at
Canonie's soils laboratory, located in Porter, Indiana. The quality
assurance program developed for and utilized at Canonie's analytical
laboratory is presented in Appendix A.

3.2 Representativeness

Measurements will be made so that analytical results are as representative
of the actual field conditions as possible. Sampling protocols will be
utilized to assure that samples collected are representative of the media
present in the field. Sample handling protocols, including such tasks as
storage, transportation, and preservation, will be used to protect the
representativeness of the samples gathered during the project. Proper
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documentation in the field and the laboratory will establish that protocols
have been followed and that sample identification as well as integrity have
been preserved.

The field sampling program, presented in the Work Plan, describes the
samples which are currently planned for collection, the location of the
sampling, the types of samples to be collected, and the types and number of
analyses to be performed on the samples.

3.3 Precision and Accuracy

Precision is the characteristic which reflects the ability to replicate a
previously obtained value using identical testing procedures, while accu-
racy is the characteristic which reflects the ability to obtain a value
which equals, or approaches within certain predetermined limits, the true
value of a certain phenomenon. Each of these two characteristics are
addressed in all data gathering and reporting conducted by Canonie. Data
quality objectives for precision and accuracy are established for each
major parameter to be measured during the project. These objectives are
based upon prior experience in executing remedial activities for wastes
similar to those present or anticipated at this site, on prior knowledge of
the capabilities of the measurement system to be employed during activity
at the site, and on the limitations which are presented in execution of the
task. The precision and accuracy requirements for certain data gathering
and reporting activities may vary based upon the anticipated use of the
information. For example, the precision and accuracy requirements of data
gathered during surveying to locate ground water monitoring wells will not
be as strict as the requirements imposed on analytical data, which is used
to establish whether treated ground water is clean enough to discharge.

In general, the precision and accuracy requirements for the Work Plan
program will be met by assuring that ?* least ten percent of the samples
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gathered for analytical evaluation in each matrix type (i.e., soil, water,
etc.) during each sampling episode are duplicates, so that field precision
may be evaluated. Since standard sampling procedures are stipulated for
all sampling episodes, no additional duplicates are required due to changes
in sampling team composition. In the laboratory, ten percent of the sam-
ples of each matrix will be analyzed as replicates to evaluate laboratory
precision. Duplicate and replicate samples will be chosen at random,
unless the criticalness of the sampling would suggest duplicate sampling or
replicate sampling to be appropriate.

Calculations performed with the data gathered or generated during the
project are also checked for accuracy by the task leader or his designee,
and precision, i.e., the comparability of calculation techniques between
various tasks, is assured through review by the quality assurance team.

Accuracy of field measured pH will be evaluated through comparison of
instrument readings taken on standard buffer solutions. Accuracy will be
established by obtaining readings which do not vary from the standardized
solution value by ± 0.05 pH units. Field measurements will be recorded to
the nearest 0.05 pH units.

Accuracy of the field conductivity meter will be assured by daily
calibration verification with a standardized solution of potassium
chloride, purchased from the manufacturer of the meter or from a laboratory
chemical supply house. If instrument readings vary from the standardized
value by more than five percent (5%), the conductivity meter will be
recalibrated or replaced.

Instruments which are factory calibrated will be considered accurate if the
most recent calibration occurred within the previous 12-month period and
the instrument readings do not appear to be in obvious error. Measurement
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precision for all field instrumentation will be estimated by periodically
(1 per 10 samples) completing duplicate testing of samples in the field.

3.4 Completeness

The characteristic of completeness is a measure of the amount of valid data
obtained compared to the amount that was specified to be obtained under
normal conditions. The amount of valid data specified is established based
on the measurements required to accomplish project objectives. The extent
of completeness must be reviewed on a relative basis for sample collection
activities, since the required amount of valid data anticipated prior to
sampling episodes may not accurately define the amount of data necessary to
render a correct decision. Completeness of data handling systems is
described in Sections 9, 12, and 13.

3.5 Comparability

The characteristic of comparability reflects both internal consistency of
data collected with regard to a single parameter and an expression of data
in units which are consistent with the units which data, gathered by other
organizations measuring the same parameter, are presented. Comparability
of data gathering and measuring procedures should also be addressed if data
gathered is to be reliably compared. Thus, the characteristic of compara-
bility implies the personnel involved in data acquisition and reduction
must operate measurement systems within the calibrated range of the parti-
cular instrument as well as utilize analytical methodologies which produce
comparable results.

When comparison of data sets indicates certain values within one or more
sets are not consistent with the totality of the data acquired, these
values, known as "outliers", must be reassessed prior to utilization in the
decision-making process. Utilization of statistical analysis is often
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required to define whether the "outliers" represent significant values
which require recognition in the decision-making process.

3.6 Quality Assurance/Quality Control Ob.lectives

The QA/QC objectives for the pre-design investigations are:

1. To collect soil samples that are representative of the soil types
present at the site;

2. To determine the variation in the in-situ coefficient of permea-
bility of natural impermeable formations with depth;

3. To collect, document, and prepare data for the final design activ-
ities that is accurate and reflects the variations likely in
geologic materials.
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4.0 PRE-DESIGN PROGRAM

4.1 Field Sampling Program

4.1.1 Introduction

The specific tasks that comprise the Field Sampling Program and the steps
to execute the tasks are described in Section 2.0 of the Work Plan. The
purpose of this section is to define the minimum standards for performing
the field activities of the Pre-Design Program.

All drilling, soil sampling, and piezometer construction activities will be
supervised by a qualified engineering or geologist. The engineer/geologist
will summarize, daily on a field activity log, the progress made towards
completing the activities in the Field Sampling Program. Also, any proce-
dures or materials that are not in compliance with the Work Plan or QAPP
will be documented and the corrective action taken will be noted. A daily
field activity log is included in Appendix B.

4.1.2 Soil Sampling

4.1.2.1 Standard Split-Spoon Samples

Standard split-spoon samples will be taken in accordance with the require-
ments of ASTM D-1586. A copy of the procedures is attached in Appendix C.
The split-spoon may be driven a total of 24 inches at the discretion of the
field engineer. If the split-spoon is driven 24 inches to maximize sample
recovery, the second and third six-inch blow counts will be used to calcu-
late the penetration resistance (N). Boring logs will be maintained, by
the field engineer, to record each sample taken. As a minimum, the follow-
ing information will be recorded on the boring logs:
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1. Sample number;

2. Type of sampler;

3. Sample interval (ft.);

4. Blow count;

5. Sample recovery;

6. Preliminary USCS classification by visual inspection;

7. Unconfined compressive strength (Qu), if sample is clay, as deter-
mined by a pocket penetrometer;

8. Depth of contact between soil strata;

9. Soil description and remarks.

A copy of a boring log legend and boring log are included in Appendix D.

All soil recovered in the split-spoon will be retained in sealed glass
jars. As a minimum, the top of the jar will be labeled, with indelible
ink, with the following information:

1. Job number;

2. Soil boring number;

3. Sample number;

4. Sample interval;
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5. Number of jars containing sample (example: jar 1 of 3);

6. Sample date.

4.1.2.2 Pitcher Barrel Samples

Pitcher barrel samples will be retrieved over 24-inch sample intervals.
Shelby tube samples will be acceptable if the penetration resistance is
less than 20 blows per foot or more than 18 inches of undisturbed sample
can be recovered.

Once a sample has been taken and the tube removed from the pitcher barrel
assembly, the ends of the tubes will be coated with non-shrinking wax.
Plastic caps will be placed over the ends of the tube and taped in place.
The tube wall and top cap will be labeled with the following information as
a minimum:

1. Job number;

2. Soil boring number;

3. Sample number;

4. Sample interval;

5. Sample recovery (inches);

6. Top of tube;

7. Sample date.
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The samples will be preserved and transported in accordance with
ASTM D4220. Specifically, the samples ..;","; be kept in a vertical position
and kept at a temperature between 40" F and 100° F until the tubes are
shipped to the soils laboratory. A copy of ASTM D4220 is included in
Appendix C.

4.1.2.3 Harbor Sediment Samples

Approximately 25 gallons of sediment will be obtained from various loca-
tions in the Upper Harbor and Slip No. 3. The sediment samples will be
recovered using a sampler dredge similar to the sampler shown in Appendix
E. Since the samples will not be subjected to chemical analysis, the
sampler may be constructed of other materials approved by the field
engineer. Special care will be taken to assure the samples retrieved are
representative of the harbor sediments and the finer fraction is not washed
out during sampling. If the finer fraction of the sediments is washed out,
the sample will be returned to the harbor and another sample retrieved.

4.1.3 In-Situ Permeability Tests

Two types of in-situ permeability tests will be performed in nine of the
soil borings located on the slurry wall alignments. The first type will be
designated as a vertical permeability test and the second type will be
designated as a horizontal permeability test. The vertical test will
utilize a pneumatically inflated seal (packer) located in the boring casing
at a depth equal to the existing ground water level. The boring casing
will be driven at least one foot into the clay till, the soil plug removed
by rotary wash, and a permeability test conducted by pressurizing the water
inside the casing and measuring the flow of water into the borehole. The
measured permeability will be representative of the vertical coefficient of
permeability. The laboratory permeability tests performed on pitcher
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barrel samples will be compared to the field permeability tests from this
method.

The horizontal test method will place the pneumatically operated seal
(packer) in the bottom of the casing with an extending unlined borehole
approximately three (3) feet below the end of the casing. After the packer
is inflated inside the casing, the three foot test cavity will be
pressurized and flow measurements recorded. The measured permeability will
be representative of the horizontal coefficient of permeability. The
horizontal test is the best available method for measuring the i"-situ
horizontal permeability.

Three borings along the slurry wall alignments will be selected for each of
the three containment areas for the permeability tests. The vertical
permeability test will be performed in one boring for each containment
area, and the horizontal permeability test will be performed in two borings
for each containment area. The field permeability data obtained from each
boring will be used to design the depth of the slurry wall penetration into
the underlying clay till such that the flow of water beneath the wall is
less than or equal to the flow of water through the slurry wall.

The procedure for drilling the soil borings and performing the in-situ
permeability tests is as follows:

For the horizontal test;

1. The borings will be advanced from the ground surface to the
surface of the clay till by rotary wash drilling in a 6-inch
diameter casing. Standard split-spoon samples will be recovered
at 5-foot intervals.
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2. HW steel casing (4-inch I.D.) will be lowered into the hole and
driven at least one-foot into the till to assure an adequate seal
is obtained between the till and the casing.

3. The drilling fluid will be flushed from the 4-inch casing with
potable water.

4. The boring will be advanced by rotary wash methods with a 2-15/16
inch diameter tricone roller bit reaming the borehole remaining
after each split spoon sample. Split-spoon samples will be
obtained continuously through the clay till.

5. When the desired test cavity length (3 feet) is obtained, the
borehole will be flushed with potable water to remove silt and
sediments.

6. The packer assembly will be set in the hole such that the packer
remains in the 4-inch casing but is at the end of the casing and
the unlined soil borehole creates the test cavity. The packer is
then inflated to seal the test zone.

7. The testing apparatus will consist of a pressurized reservoir of
water capable of maintaining a constant pressure in the test
cavity, while measuring the flow of water through the test cavity.

8. The test cavity pressures will be calculated to prevent
hydrofracturing of the clay till as follows:

Pmax - Po + Pallow + HL
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Where:

Pmov = Maximum Test Cavity PressureInaA

P - Hydraulic Pressure due to the Static Water Level

Pallows Excess hydraulic pressure allowed due to the weight of
overburden (0.5 psi per foot of depth to test section)

H, = Friction head losses in the test apparatus valves and
piping

Example:

Assume: H. = 0, no friction head losses due to valves and piping.

Given:

Depth to ground water = 5 feet
Depth to top of clay = 25 feet
Depth to bottom of test cavity = 29 feet

PQ = (29-5) x (62.4 pcf/144 in2/ft2) = 10.4 psi
Pallow = °'5 psi/ft x 29 ft' = i^ psi

Pmax = 24.9 psi

Use 24 psi for testing.

9. The horizontal permeability test will be run at 1/2 Pm,v, 3/4iTlaX
Pmax' Pmax, 3/4 Pmax' and ]/2 Pmax to allow hydraulic Pressures to
dissipate uniformly and check for problems with the packer seal.
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The flow into the test cavity will be recorded at 5-minute
intervals. After one nour, ir the flow rate over the last three
(3) successive 5-minute intervals varies by less than 10 percent
the test at that pressure is complete. If not, the test will
continue until the flow rate over three (3) successive 5-minute
intervals varies by less than 10 percent. The data is recorded on
a field permeability test form attached in Appendix J.

10. The pressure versus flow is plotted to check for evidence of
""•^blems such as leakage around the packer, erosion of the test
zone, and clogging of fiss"res. A high quality test will produce
a linear relationship of pressure to flow with little difference
between the pressurization toward P and depressurization away

ffiaX
from Pmax'

11. The horizontal permeability is calculated as shown in Appendix J
on Figure 8-10.

12. If the horizontal permeability for the first 3-foot test section
is equal to or less than 1 x 10 cm/sec, then no additional
permeability tests will be performed in that boring. The packers
and permeability apparatus will be removed and the borehole will
be drilled and sampled to completion (20-foot penetration into the
clay till or as required).

13. If the horizontal permeability in the test section is greater than
1 x 10 cm/sec, then the field engineer will determine, as
discussed in the Work Plan, if the measured horizontal
permeability combined with the measured vertical permeability
provides a barrier to flow equivalent to the 3-foot wide slurry
wall.



Section: 4.0
Revision No.:
Date: August 22, 1988
Page: 23

14. If the field engineer's determination indicates the in-situ soil
in the first test section does not provide an adequate flow
barrier, the baring will be advanced one-foot and the packer and
permeability apparatus replaced. The permeability test will be
repeated as before after recalculating Pm,v for the new testluaX
section.

15. The boring will be advanced in one foot increments and the
permeability test repeated until the field engineer determines, as
discussed in the Work Plan, the horizontal and vertical
permeabilities in the in-situ soils will provide a barrier to flow
that is equivalent to the 3-foot slurry wall.

16. The borehole will be backfilled by tremie grouting with cement/
bentonite grout before removing the casings.

For the vertical permeability test;

1. The borings will be advanced from the ground surface to the
surface of the clay till by rotary wash drilling in a 6-inch-
diameter casing. Standard split-spoon samples will be recovered
at 5-foot intervals.

2. HW steel casing (4-inch I.D.) will be lowered into the hole and
driven at least one foot into the till to assure an adequate seal
is obtained between the till and the casing. The HW casing will
consist of a single piece of pipe with no joints below the ground
water level and a beveled end for driving into the clayey til l .

3. The drilling fluid will be flushed from the 4-inch casing with
potable water and the clay plug will be removed by rotary wash
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drilling. The water will be pumped or bailed from the casing to
within two feet above the existing ground water level.

4. The single packer assembly will be set in the 4-inch casing such
that the packer is at the existing ground water level. The packer
is then inflated to seal the casing.

5. The testing apparatus will consist of a pressurized reservoir of
water capable of maintaining a constant pressure in the test
cavity while measuring the vertical flow of water through the soil
plug in the bottom of the casing.

6. The test cavity pressures will be calculated to prevent
hydrofracturing as follows:

Pmax = Po + Pallow + HL

Where: P_,v = Maximum test cavity pressureiTia X
P = Hydraulic pressure due to static water level
P3Tir,..,= Excess hydraulic pressure allowed due to weight ofa I I OW

overburden (0.5 psi per foot of depth to test
section)

HL = Friction head losses in test apparatus valves and
piping

Example:

Assume: H. = 0, no friction head losses due to valves and piping
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Given:

Depth to ground water = 5 feet
Depth to top of clay = 25 feet
Depth to bottom of casing = 26 feet

PQ = (26-5) x (62.4 pcf/144 in2/ft2) = 9.2 psi
P = °'5 psi/ft x 26 ft = ±^ psiallow

Pmax = 22A

CAUTION: Because the packer is set at the ground water level, P is
already applied to the test cavity.

Therefore, the testing apparatus gauges only need to record the
fallow" The calculations for permeability however are dependent on
max'

7. The single packer permeability test will be run at 1/2 (Pai-iow +
HL), 3/4 (Pallow + HL), PallQW + HL, 3/4 (PallQW + HL), 1/2
^Pallow + HL^ to a^ow hydraulic pressures to dissipate uniformly
and check for problems with the packer seals or casing seal. The
flow into the test cavity will be recorded at 5-minute intervals.
After one hour, if the flow rate over the last three (3)
successive 5-minute intervals varies by less than 10 percent the
test at that pressure is complete. If not, the test will continue
until the flow rate over three (3) successive 5-minute intervals
varies by less than 10 percent. The data is recorded on a field
permeability test form attached in Appendix J.

8. The pressure versus flow is plotted to check for evidence of
problems such as leakage around the packer, erosion of soil
through the test zone, and clogging of fissures. A high quality



Section: 4.0
Revision No.:
Date: August 22, 1988
Page: 26

test will produce a linear relationship of pressure to flow with
little difference between the pressurization toward P -,-, + H.
and depressurization away from P.-n.,.. + H, .a I IOW L

9. The vertical permeability is calculated as shown in Appendix J on
Figure 8-11 and will be compared to the laboratory permeability
test results on pitcher barrel samples.

10. The boring will be completed with continuous split-spoon sampling
to the specified depth of penetration into the clay till. Between
samples the borehole will be reamed with a 2-15/16 inch diameter
tricone roller bit.

11. The borehole will be backfilled by tremie grouting with cement/
bentonite grout after removing the casings.

4.1.4 Rock Core Drilling

All rock coring will be performed with an NX (2-5/32 in.) diamond tip core
barrel assembly. The rock coring will be performed in accordance with the
requirements of ASTM D-2113. A copy of the specification is attached in
Appendix C. All recovered cores will be placed in commercial plastic,
cardboard, or shop-made wooden boxes, and the beginning and end of each
core run will be properly marked with the blocks provided. Rock core logs
will be maintained by the field engineer to record each core obtained. As
a minimum the following information will be recorded on the core log:

1. Sample number;

2. Length of core run;

3. Core size;
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4. Coring pressure (PSI);

5. Rate of core advance (ft./min.);

6. Percent core recovery;

7. RQD;

8. Number of fractures per foot;

9. Bedding;

10. Hardness;

11. Description of rock core.

A copy of a rock core legend and rock core log are included in Appendix F.

4.1.5 Piezometers

The installation procedures for piezometers are described in the Work Plan.
Therefore, only material requirements will be described in this section.

The installation of each piezometer will be logged on an observation well
diagram. All well construction information will be recorded to the nearest
tenth of a foot. A copy of a blank observation well diagram and a typical
well detail diagram are included in Appendix G.
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4.1.5.1 Piezometers in Silurian Bedrock

4.1.5.1.1 PVC Screens

Piezometer screens will be machine-slotted, one-inch-diameter Schedule 80
PVC, with at least three rows of slots. The slot openings will be
.01 inches for all piezometers. The screen section will be threaded for
attachment to the riser pipe and the bottom of the screen will be provided
with a threaded PVC plug. The screen and 10 feet of riser pipe above the
screen zone will be free of ink and any other markings.

4.1.5.1.2 PVC Riser Pipe

Riser pipe for the piezometers will consist of Schedule 80 PVC pipe meeting
ASTM D-1785 with flush joint threads. A copy of the specification is
included in Appendix C.

4.1.5.1.3 Sand Pack

Sand pack is the material placed in the annular space around the well
screen. The pack shall be uniformly graded sand or gravel, comprised of
hard, durable particles which have been washed with potable water and
screened. The sizing of the particles shall be determined by the soil type
encountered in the zone to be monitored. The particle size of the pack
shall be at least 4 times the D15 size (15 percent of the soil is finer
than this dimension) of the soil in the monitored zone and shall be no more
than 4 times the D85 size (85 percent of the soil is finer than this
dimension) of the soil in the monitored zone. The sand pack shall be free
of all organic matter and shall not contain detectable concentrations of
any chemical constituents. The sand pack shall be furnished in unopened
bags or pails.
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4.1.5.1.4 Bentonite Seals

A bentonite seal is used in the annular space above the piezometer screen.
The bentonite seal will consist of Volclay grout. Volclay grout is a high
solid bentonite based clay grout. The grout will be placed using the
tremie method. The Volclay grout will consist of the following
proportions:

1. 52 pounds of Volclay grout (includes 2 pounds of initiator);

2. 24.4 gallons of fresh water.

The Volclay grout will be provided to the job site in full, unopened bags.
The Volclay grout, initiator, and water will be mixed to a uniform
consistency, free of lumps. A mud balance test will be run on each batch
prior to placement, and the slurry weight must achieve a minimum of
9.4 pounds per gallon at time of placement. The grout will be installed by
the tremie method.

4.1.5.1.5 Concrete

Concrete is required for capping the annular space in piezometers and
simultaneously providing a solid base for supporting the piezometer riser
pipe protective cover.

Concrete shall be provided to the job site in full, unopened bags such as
Sakrete, or in a premixed state from a local concrete supplier.
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4.1.5.1.6 Placement of Protective Cover

A carbon steel pipe, having an inside diameter of at least 1.33 times the
outside diameter of the piezometer's riser pipe, shall be set concentri-
cally around the riser pipe and into the concrete cap. The bottom of the
well protector shall be submerged at least three feet into the concrete,
and shall extend at least six inches above the top of the riser pipe. The
concrete which is forced out of the borehole due to the placement of the
well protector shall be carefully removed so as to prevent "mushrooming" of
the concrete at the ground surface, which tends to promote lifting of the
well casing and the well protector during frost heave conditions. The well
protector shall be maintained plumb and concentric with the riser pipe
until the concrete has set. Temporary braces may be required to maintain
the well protector in the proper vertical position. A locking cap shall be
secured to the top of the well protector pipe to prevent unauthorized entry
into the well.

4.1.5.2 Piezometers in Shallow Aquifers

4.1.5.2.1 PVC Screens

The material requirements for PVC screen in shallow aquifer piezometers is
the same as for the piezometers in Silurian bedrock, Section 4.1.5.1.1.

4.1.5.2.2 PVC Riser Pipe

Riser pipe for the piezometers will consist of Schedule 80 PVC pipe meeting
ASTM D-1785 with flush joint threads. A copy of the specification is
included in Appendix C.
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4.1.5.2.3 Sand Pack

The material requirements for sand packs in shallow aquifer piezometers are
the same as for the piezometers in Silurian bedrock, Section 4.1.5.1.3.

The shallow aquifer sand may be used for the sand pack if the engineer
determines that it is acceptable.

4.1.5.2.4 Concrete

The material requirements for concrete in shallow aquifer piezometers is
the same as for the piezometers in Silurian bedrock, Section 4.1.5.1.5.

4.1.5.2.5 Placement of Protective Cover

The requirements for placement of protective cover in shallow aquifer
piezometers is the same as for the piezometers in Silurian bedrock, Section
4.1.5.1.6.

4.1.6 Developing Existing Monitoring Wells

4.1.6.1 Cleaning of Equipment and Material

All pumps to be used in development, purging, or pumping of wells at the
site shall be steam cleaned and all wetted parts, hoses, and valves flushed
thoroughly with water from the source approved by the field engineer. Pumps
which leak or otherwise may introduce chemical constituents into the well,
sampled water, or aquifer shall not be used. Electrical lines to submersi-
ble pumps shall meet all applicable electrical code standards. Electrical
lines to submersible pumps may be attached to the discharge pipe or hose of
the pump by stainless steel or plastic fasteners which grip by means of a
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mechanical action only. No electrical tape shall be used to attach elec-
trical lines to the discharge pipe or hose.

Compressors utilized in the development, purging, or pumping of wells at
the site shall be equipped with an operable oil trap and in-line air fil-
ter. The oil trap and filter shall be checked by the field engineer prior
to each day's use. The oil trap and filter must be capable of removing
entrained oil from the compressed air to prevent introduction of chemical
constituents into the sample water or the ground water.

If bladder pumps are utilized and powered by compressed nitrogen, the
nitrogen gas shall be pressure regulated at the tank and shall pass through
an in-line oil trap and filter before it enters the well or pump. The
source of nitrogen gas shall be indicated in the daily log for the site
activities.

4.1.6.2 Existing Well Development

Existing monitoring wells shall be developed, by pumping or other means of
evacuating the well casing, in order to remove the sediments within the
casing, any trapped soil fines in the gravel pack and soil formation just
outside the pack and to produce a representative sample of the water in the
formation.

Well development may be accomplished through the use of submersible, blad-
der, jet, or suction pumps. Pumps must be fully operational, meet appli-
cable electrical or other code provisions, and must be thoroughly cleaned
in accordance with procedures set forth in Section 4.1.6.1. Pump capacity
shall be rated at three to five gallons per minute. Pumps shall be operated
to remove water from the well casing continuously for at least five minutes
without pumping the well dry. As an alternative to pumping, an air lift
may be utilized to evacuate and surge the well. Where the nature of the
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formation or recharge to the well makes development of the well infeasible
using pumps, bailers may be utilized.

Well development shall continue until representative formation water is
obtained. Representative formation water shall be defined as water which
is generally free of sediment, and has a stable pH, temperature, and speci-
fic conductivity when measured within a period of ten minutes. In general,
well development shall proceed for at least two hours, unless prior experi-
ence suggests that a shorter well development period results in the produc-
tion of formation water which is representative. Well development water
will be discharged onto the ground near the well.

4.1.7 Cement/Bentonite Grout

Cement/bentonite grout is required for backfilling completed soil borings.
The grout will consist of the following proportions per bag of Portland
cement:

1. 7.3 gallons of clean water;

2. 4.0 pounds of sodium bentonite powder;

3. 94 pounds of Type I Portland cement.

The cement and bentonite will be provided to the job site in full, unopened
bags. The bentonite powder and water will be mixed first. Cement will not
be added to the mixture until the bentonite and water is mixed to a uniform
consistency, free of lumps. At the discretion of the field engineer, the
amount of cement can be increased. The grout will be installed by the
tremie method.
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4.2 Laboratory Testing Program

The specific tests that comprise the laboratory testing program and the
number of tests required is described in Section 2.2 of the Work Plan. The
purpose of this section is to define the standards to which each laboratory
test will comply.

All laboratory testing will be supervised by a qualified engineer. Care
will be taken in handling all samples so that the integrity of the sample
is not damaged. When obtaining a sample of harbor sediments, from the
sample container, special care will be tanen to assure that the finer
fraction of the sediments is included in the sample.

4.2.1 Moisture Content Analysis

All moisture content analysis will be performed in accordance with
ASTM D2216. All data will be recorded on appropriate laboratory forms. A
copy of ASTM 2216 and a laboratory form are included in Appendices C and H,
respectively.

4.2.2 Mechanical Sieve Analysis

All mechanical sieve analysis will be performed in accordance with
ASTM 0422. Hydrometer analysis will not be performed as part of a mechani-
cal sieve analysis. All data will be recorded on appropriate laboratory
forms and summarized on semi-logarithmic grain-size curves. A copy of ASTM
D422, a laboratory form, and grain-size curve are included in Appendices C,
H, and H, respectively.
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4.2.3 No. 200 Sieve Wash

The amount of material that is finer than a No. 200 sieve will be deter-
mined in accordance with ASTM D1140. All data will be recorded on appro-
priate laboratory forms. A copy of ASTM D1140 and a laboratory form are
included in Appendices C and H, respectively.

4.2.4 Standard Proctor Test

All standard Proctor tests will be performed in accordance with &STM D698.
Care will be taken to assure that each layer, in the test, is comprised of
the same amount of soil and the same compactive effort is applied to each
layer. All laboratory data will be recorded on appropriate laboratory
forms. A copy of ASTM 0698 and a laboratory form are included in
Appendices C and H, respectively.

4.2.5 Consolidation Tests

All consolidation tests will be performed in accordance with ASTM D2435.
The consolidation apparatus will be located in the lab so that disturbance
due to vibration, movement of laboratory personnel, etc. is minimized. All
consolidation data will be recorded on appropriate laboratory forms. A
copy of ASTM D2435 and laboratory forms is included in Appendices C and H,
respectively.

4.2.6 Atterberq Limits

All Atterberg limits tests will be performed in accordance with ASTM D4318.
All test data will be recorded on appropriate forms. A copy of ASTM 04318
and laboratory forms are included in Appendices C and H, respectively.
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4.2.7 Permeability/Compatibility Test

The constant head permeability test for fixed-soil samples will be per-
formed in a modified triaxial consolidation apparatus. For this method, a
flexible rubber membrane encloses the soil sample. Water is pressurized on
the outside of the flexible membrane to hold the membrane against the side
of the soil sample. Water from the site is introduced under pressure at
the bottom of the sample and allowed to move vertically through the sample
until full saturation is achieved. A copy of the triaxial cell permeabil-
ity log sheet and calculation sheet are included in Appendix H.

The procedure for the permeability test is as follows:

1. The length and diameter of the sample is measured both before and
after the testing for permeability.

2. The sample is enclosed within a synthetic flexible membrane with a
porous stone on both the top and the bottom ends.

3. Drain lines are attached to both the top and bottom caps and the
triaxial cell is assembled. The annul us between the cell wall and
sample is flooded with de-aired tap water.

4. Both the inflow and outflow measuring burettes and their attaching
lines are filled with the water being utilized.

5. The cell pressure (pressure confining the soil sample within the
rubber jacket) is increased slowly to 40 psig. The pressures on
the influent and effluent burettes are then set to create a dif-
ferential pressure across the sample. The influent burette pres-
sure is set at 35 psig and the effluent pressure is set at
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15 psig, creating a differential pressure across the sample of
20 psig. This is equivalent ..u 46 feet of water pressure.

6. The flow in and out of the sample is monitored on a daily basis.
The samples will be tested for a period adequate to displace one
to three sample pore volumes.

7. The permeability is calculated from the dimensions, pressure
differential, and the flow rates for each sample.

The permeability for each sample is determined from Darcy's law for steady-
state laminar flow. The rearrangement of Darcy's law used to calculate the
permeabilities of the sample is:

k = q l/(hA)

Where: k = permeability (cm/sec)
q = flow rate (cm /sec)
1 = length (cm)
h = pressure differential (cm)
A =* total cross sectional area of the sample that is perpen-

2
dicular to the flow (cm )

The permeability values are plotted as a function of the displaced pore
volumes. Examination of the relationship between permeability and pore
volume displacement is the basis for determination of the compatibility of
the soil/bentonite backfill, and natural soils with on-site ground water
and with water that is in contact with PCB sediments.
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The permeability tests for the pitcher barrel samples and recompacted clay
samples will be performed as above, buL uifferent pressures will be used.
The cell pressure will be 52 psig, the influent pressure will be 50 psig,
and the effluent pressure will be 30 psig.
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5.0 CUSTODY OF SAMPLES

An established program of sample chain-of-custody procedures, that is
followed during sample collection and handling activities in both the field
and laboratory operations, shall be established to assure that sample
integrity is maintained and data generated through the analysis of the
samples is applicable to evaluation of the site. The program is designed
to assure that each sample is accounted for at all times. To maintain the
highest degree of control in sample handling, preprinted labels will be
utilized so that all necessary information is retained with the sample, and
chain-of-custody records and shipping manifests will be employed to
maintain control over access to and destination of samples after shipment
from the location of sample collection. Additionally, proper completion of
field sample logs, accession books, tracking sheets, and extraction logs by
appropriate field and laboratory personnel will provide for thorough
monitoring of the samples from collection through analysis and final report
generation.

The sample identification, custody, and monitoring procedures shall assure
that:

1. All samples collected are uniquely labeled for identification
purposes throughout the analytical process;

2. Samples are correctly analyzed and that results are traceable to
field records;

3. Important sample characteristics are preserved;

4. Samples are protected from loss, damage, or tampering;
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5. Any alteration of samples (e.g., filtration, preservation, or
damage due to shipment or ether processes) is documented;

6. A record of sample integrity and analytical fate is established
for legal purposes.

5.1 Sample Monitoring Forms

The use of the indicated forms listed above accomplishes one or more of the
specific objectives of sample custody, identification, or control. The use
of each of the listed forms is discussed below.

5.1.1 Sample Log

The sample log is completed in the field by the individual physically in
charge of the sample collection. The sample log correlates the assigned
sample bottle designation to a specific well or sample location or other
distinguishing feature or attribute (i.e., dummy sample, replicate sample,
purge evaluation sample, etc.). The sample log also contains information
concerning day and time of sampling, type, location, and depth for wells,
water depth in the well, purge volume, purge water temperature, pH, and
conductivity as a function of time, procedures utilized to preserve the
sample for analysis, and the sequence in which sampling was completed.
Other relevant information, such as weather conditions, may also be
included.

5.1.2 Chain-of-Custodv Record

The chain-of-custody record is completed in the field by the individual
physically in charge of the sample collection. The chain-of-custody record
may be completed contemporaneously with the sample log or prior to the
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shipment of samples to the laboratory. The chain-of-custody record con-
tains information on the date of sample collection, the sampler, the pro-
ject name and number, laboratory project number, the number of containers
of each sample being shipped, and an itemization of the analyses requested
for each sample together with any remarks about the sample prior to ship-
ment. The chain-of-custody record is enclosed with the samples after it
has been signed by the sampler. The record is then signed each time pos-
session of the samples changes, with the signature of the person relin-
quishing and receiving the sample, as well as the time of exchange being
indicated on the record. A sample copy of a chain-of-custody form is set
forth on Attachment III of Appendix H.

5.1.3 Accession Book

The accession book is maintained at the receiving analytical laboratory by
the sample custodian. When samples arrive from the field, each container
is assigned a laboratory number which is then logged into the accession
book. Other important information entered into the accession book includes
the name of the shipping firm or person who delivered the samples to the
laboratory, the date received and the individual taking custody, the
container size and any comments related to possible mishandling, abuse or
obvious damage to the shipping container or contents, the name of the
client, the date and time of sample collection, the samplers initials, and
the site from which the samples originated. The accession book becomes the
permanent record of all samples received by the laboratory for analysis. A
sample page from the accession book is presented on Attachment V of
Appendix A.

5.1.4 Tracking Sheets

The tracking sheets are developed at the time the samples are logged into
the accession book. Each sample received at the analytical laboratory has
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its own unique tracking sheet. The tracking sheet contains the date the
sample was taken, received by the laboratory, prepared for analysis, and
finally analyzed. Results of analysis as well as dilution of the sample or
any other conditions used are also noted. Tracking sheets are utilized for
presumptive as well as confirming analysis. Final reports are generated
from the information on the tracking sheets. The tracking sheet for each
sample, as well as any notes, chromotographic charts, and atomic absorption
printouts are permanently filed in the records of the laboratory. A sample
tracking sheet is presented on Attachment IV of Appendix A.

5.1.5 Extraction Log

Various types of analyses require that sample extraction and subsequent
volume reduction occur. Each sample which undergoes this process is
recorded in the extraction log with information on all conditions which
existed during the creation of the final extract. Typical information
includes the sample number, initial volume, final volume, date the extrac-
tion/volume reduction was produced, analyst performing the work, the meth-
odology utilized, and any comments about the nature of the sample. The
extraction log is a permanent record maintained by the analytical
laboratory.

The flow of samples and analytical data within the Canonic analytical
laboratory is illustrated on Figure 3. Omitted for clarity are procedures
which involve calibration of instrumentation for each analytical run and
verification of instrument detection limits, which are conducted on a
quarterly basis.

5.2 Reagent Documentation

Written documentation of reagents utilized in the analytical laboratory is
maintained in a reagent record book. Information maintained includes the
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date the stock is made, the analyst preparing the stock, the weight or
volume of all materials used in the creation of the stock, the source of
the chemical, and the source lot number. The record includes information
for stock standards, intermediate stock, and quality assurance stock. U.S.
EPA protocols shall be followed in the creation and testing of all stock.
All stock bottles are clearly labeled with the exact contents of the
bottle, the concentration, the date of creation, the expiration date, and
the analyst who created the stock. Reagents are stored at conditions
appropriate for each stock, and are discarded after standard permissible
holding times have been exceeded or if contamination or decomposition of
the stock is evident.

For general inorganic analysis, Analytical Reagent (AR) grade reagents are
utilized. Metal analysis performed via atomic absorption spectroscopy
employs reagents and solvents of spectroquality. For organic analysis, the
minimum purity shall be AR grade. For high pressure liquid chromatography
(HPLC), HPLC grade solvents shall be used. Where requested analysis
requires more stringent grades of reagents, those reagents shall be
utilized. All base stock for the creation of reagents in the laboratory
are purchased from reputable suppliers and are of the requisite standard
purity. Typical commercial suppliers which may be used for the purchase of
base stock and standards include Supelco and Chem Service, along with
Foxboro, J. T. Baker, Fisher Scientific, Aldrich, and American Scientific.
Several sources are used so that a contamination or defect in one source
can be detected, by comparison against another source, before a great deal
of false analytical results are reviewed and published. The use of
multiple source in stocking the laboratory's chemical needs, therefore,
promotes additional quality assurance throughout the analytical process.
Stock and standard solutions are tracked in a manner illustrated on the
forms presented as Attachments VII, VIII, and IX of Appendix A.
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5.3 Packing and Shipping

In addition to sample collection and preservation requirements, especially
the maintenance of sample temperature at 4 degrees C until extraction or
analysis, samples should be packed and shipped properly to maintain the
health and safety of sample transporters. Guidelines for packing and
shipping of samples are included in Appendix I.
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6.0 CALIBRATION PROCEDURES AND FREQUENCY

6.1 Calibration Procedures for Laboratory Equipment

Equipment shall be calibrated in accordance with procedures presented in
the appropriate ASTM specifications.

6.2 Calibration Procedures and Frequency for Field Instruments

Equipment utilized in the field shall be calibrated prior to each day's
use. The procedures for each piece of equipment which will be utilized are
set forth below. If other instruments are used, the manufacturer's
calibration procedures shall be followed.

6.2.1 Thermometer

Using a National Bureau of Standards-approved thermometer, immerse both the
field thermometer and NBS-approved thermometer into a beaker of water and
note any differences for the field probe.

Recalibrate the field probe as necessary.

6.2.2 Specific Conductance Meter

Calibrate meter and probe using the calibration control and the conductance
calibration line on the meter dial or a standard solution of known conduct-
ance.

Turn the function switch to read conductivity x 10 and then depress the
cell test button, noting the deflection. If the needle falls more than two
percent of the reading, clean the probe and retest.
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Using at least two potassium chloride buffer solutions which will most
likely bracket the range of expected conductivity, note accuracy of the
meter and probe and clean probe if necessary.

6.2.3 oH Meter

Place electrodes and the manufacturer's supplied buffer solutions in a
water bath at the temperature of the water to be sampled. After tempera-
ture equilibrium has been established, measure the temperature and adjust
the temperature compensation knob for the temperature indicated.

If refillable electrode probes are used, remove the electrode cap and check
that probe solution is above the full mark.

Immerse the probe in the pH 7 buffer solution and adjust the calibration
control to read pH 7.

Remove the probe, rinse with distilled water and then immerse in either the
pH 4 or pH 10 buffer solution, depending on the expected pH of the sample
solution.

If the pH meter does not register the correct pH for the buffer solution
tested, adjust the calibration knob on the back of the instrument so that
the meter reads the correct pH as defined by the buffer solution tested.

After rinsing the probe, insert the probe into the sample to be tested and
allow the probe to come to equilibrium with the sample water prior to
recording the readout.
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7.0 ANALYTICAL PROCEDURES

7.1 Selection of Parameters

The selection of parameters for the project is made through an evaluation
of existing data and an analysis of data needs with respect to the project
objectives. The parameters of interest are designated in the pre-design
phase of the Work Plan, and particular parameters to be addressed in each
sample are noted.

7.2 Selection of Procedures

Procedures to be utilized in accomplishing the activity described in the
pre-design phase of the Work Plan shall be in accordance with methods,
protocols, and procedures set forth in Test Methods for Evaluating Solid
Waste, Physical/Chemical Methods, SW-846. Method 8080, U.S. Environmental
Protection Agency, 1982, Methods for Organic Chemical Analysis of Municipal
and Industrial Wastewater, PB83-201796, Method 608, U.S. Environmental
Protection Agency, Cincinnati, Ohio, 1982, and relevant materials testing
methods approved by the American Society of Testing and Materials (ASTM),
including the following listed here that are included in Appendix C:

ASTM D1586 Method for Penetration Test and Split-Barrel Sampling of
Soils

ASTM D4220 Practices for Preserving and Transporting Soil Samples
ASTM D2113 Practice for Diamond Core Drilling for Site Investigation
ASTM D1785 Specification for Polyvinyl Chloride (PVC) Plastic Pipe,

Schedules 40, 80, and 120
ASTM D2216 Method for Laboratory Determination of Water (Moisture)

Content of Soil, Rock, and Soil-Aggregate Mixtures
ASTM D422 Method for Particle-Size Analysis of Soils
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ASTM D1140 Method for Amount of Material in Soils Finer than the
No. 200 (75-um) Sieve

ASTM D698 Methods for Moisture-Density Relations of Soils and Soil-
Aggregate Mixtures Using 5.5-lb. (2.49-kg) Rammer and 12-
in. (305-mm) Drop

ASTM D2435 Method for One-Dimensional Consolidation Properties of
Soils

ASTM D4318 Method for Liquid Limit, Plastic Limit, and Plasticity
Index of Soils
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8.0 DATA REDUCTION, VALIDATION, AND REPORTING

Data reduction is the process of converting measurement system outputs to
an expression of the parameter which is consistent with the comparability
objective identified in Section 3.5 of this plan. Calculations completed
during data reduction of analytical results shall be in accordance with
approved U.S. EPA analytical methods and procedures.

Field data collection and validation will follow the process illustrated on
Figure 2. Once the data is obtained, it is reviewed and assessed for
overall adequacy by the Operations Coordinator. If it is determined that
the initial data collection activity, or a portion thereof, did not provide
adequate data, the activity will be repeated.

Calculations performed during data reduction shall be reviewed by the
chemist performing the analysis, by the engineer/scientist/technician
collecting data in the field, or by the engineer/scientist evaluating data
in the laboratory, prior to the release of any data reporting, thus
assuring that reporting errors are kept to a minimum. Laboratory review of
data reduction is illustrated on Figure 3.

Analytical results reported for each sample shall be verified to assure
proper identification by comparing the original sample collection logs with
the chain-of-custody forms and the various laboratory log books. Based
upon the results of this validation procedure, the laboratory shall certify
that the results are in compliance with the quality assurance objectives
for accuracy and precision. Upon certification by the laboratory manager,
the reported values shall be received and reviewed by the technical staff
and the Quality Assurance Coordinator, if deemed necessary. Analytical
data shall be presented in a format illustrated by Figure 4.
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Field or analytical data entered into the corporate computer database for
storage, analysis, or report generation, ^.all be initially submitted to
the Manager of Data Processing, or his designee. Data submitted for entry
has been checked and verified by the engineer, scientist, chemist, or
technician as being accurate and complete, and meeting the quality
assurance criteria established for the phase of work in which the data was
developed. Data is then entered into the computer by data entry operators
using standardized entry forms developed especially for the type of data
under consideration.

After entry of the data into the computer, a hard copy printout of the data
is generated and the printout is compared directly with the original data
sheets. A data entry operator who was not involved in the original entry
of the data to the computer reviews the hardcopy printout. Each entry is
reviewed, and inaccurate entries are highlighted. After review is com-
plete, the hardcopy printout is returned to the original data entry opera-
tor and the noted inaccuracies are corrected. A final printout of the data
is generated by the computer and the corrected version of the database is
reviewed. After all corrections have been made to the database, the origi-
nal data sheets are stamped "POSTED", and filed in the office's central
file.

Data, information, or designs, submitted to the drafting department for
development, are initially prepared by the engineer or scientist charged
with the responsibility for creation of a graphical representation. The
sketch or graphic representation is then reviewed by the engineer or scien-
tist originating the material and the chief draftsman for format, intent,
and consistency with prior work. The drawing is then assigned a unique
project drawing number, the number and title of the drawing is entered into
the drafting department log, and a draftsman is assigned to formally devel-
op the drawing. After completing the initial presentation of the drawing,
a paper check print is produced for review by the originating engineer or
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scientist. All information on the check print is reviewed and approved
information is highlighted with a yellow highlighter marker, while incor-
rect information, changes, or additions are noted in red ink. The check
print is then returned to the draftsman for correction, and a final check
print is issued for review. Upon approval of the final check print, the
originating engineer or scientist signs and dates the mylar original. The
drawing is then reviewed by the task leader or project manager for consis-
tency with project objectives, and then the task leader or project manager
signs and dates the original mylar.

Revisions to previously approved mylar drawings are submitted to the draft-
ing department on paper prints of the original mylar. Revisions are made
to the mylar, with a review process occurring as noted above for original
work. When the revisions are finally approved, a notation of the revision
scope is noted in the margin of the drawing, and the dated, revised drawing
is then signed by the individual approving the revision as presented.
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9.0 INTERNAL QUALITY CONTROL ANALYTICAL LABORATORY

This section is included for analysis of PCBs for the water treatment
assessment. The internal quality control standards for the laboratory are
presented in Appendix A. The following sections from Appendix A are
appropriate and relevant for the laboratory analytical work for the pre-
design phase.

Section 1 Introduction
Section 2 Personnel
Section 4 Sample Custody
Section 5 Calibration and Maintenance Procedures

Pages 16, 24, 25, 26, and 28
Section 6 Analytical Procedures, Page 37
Section 7 Data Review and Reporting
Section 8 Quality Control
Section 9 Establishment of Acceptable Limits
Section 10 Acceptance Criteria and Problems
Section 11 Analysis of External Reference Samples
Section 12 Review of Analytical Results by the

Quality Assurance Officer
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10.0 AUDITS

Quality assurance audits are.performed to assure and document that quality
control measures are being utilized to provide data of acceptable quality
and that subsequent calculations, interpretation, and other project outputs
are checked and validated. The quality assurance coordinator or a member
of the quality assurance review team will visit the site periodically and
unannounced to assure that the designated control procedures set forth in
this document are practiced.

At least one system and performance audits may be conducted by the Quality
Assurance Coordinator. The Quality Review Team will conduct project audits
of calculations, interpretations, and reports which are based on the
measurement system outputs.

10.1 Systems Audit

At least one systems audit may be conducted on all components of
measurement systems to determine proper selection and utilization. The
systems audit shall include evaluation of both field and laboratory
procedures.

10.1.1 Organization and Personnel

The project organization is reviewed for compliance with the proposed
organization and for clarity of assigned responsibility. Personnel
assigned to the project will be reviewed to determine that assigned
responsibility, skill, and training of the personnel are properly matched
to the requirements of the project. The Technical Project Director will
maintain firsthand knowledge of his/her team's capabilities anH will
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discuss the organization's efficiency with the Quality Assurance Coordi-
nator. Assigned personnel may be inte< viewed by the Quality Assurance
Coordinator during an audit.

10.1.2 Facilities and Equipment

The audit will address whether field tools, analytical instruments, and
construction equipment selected and meet the requirements specified by the
project objectives stated in this Plan and other project work plans.
Equipment a"d facilities provided for personnel health and safety will also
be evaluated.

10.1.3 Analytical Methodology

Routine external performance evaluations as well as blind internal perfor-
mance evaluations will be conducted in accordance with standard procedures
of the U.S. ERA. A review of analytical methodology in regard to the data
requirements for the project will also be performed. An on-site observa-
tion of analyst technique, data reduction, and recordkeeping may be per-
formed if determined necessary. Periodic review of the precision and
accuracy of data shall also be performed.

10.1.4 Sampling and Sample Handling Procedure

An audit of scheduled samples versus samples collected versus samples
received for analysis shall be performed. Field documentation will be
reviewed. If deemed necessary, a site visit will be made to assure that
designated control procedures are practiced during sampling activities.
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10.1.5 Data Handling

During a systems audit, the Quality Assurance Coordinator will review data
handling procedures with the Technical Project Director and Task Leaders.
Accuracy, consistency, documentation, and appropriate selection of method-
ologies will be discussed.

10.2 Performance Audit

These audits are intended primarily for analytical and data generation
systems. The laboratory will complete its own performance evaluations as
discussed in Appendix A.

10.3 Pro.iect Audit

Project audits encompass the aspects of both the systems audit and the
performance audit. The project audit typically occurs at least twice for a
short-term project and more often during long-term projects. Timing is
keyed to the systems involved and the project objectives.

10.4 QA Audit Report

A written report of the Quality Assurance audit may be prepared to include:

1. An assessment of task force's status in each of the major project
areas;

2. Clear statements of areas requiring improvement or problems to be
corrected. Recommendation and assistance will be provided regard-
ing proposed corrective actions or system improvements. If no
action is required, the report will state that the QA audit was
satisfactorily completed.
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3. A timetable for any corrective action required;

4. A follow-up to assure that recommendations have been implementer1.
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11.0 PREVENTIVE MAINTENANCE

Preventive maintenance of all field equipment proceeds routinely before
each sampling event; more extensive maintenance is performed on the basis
of hours in use.

Laboratory equipment is maintained on a regular, scheduled basis. This
maintenance is documented in the laboratory records book for each instru-
ment. Emergency repair or scheduled manufacturer's maintenance is provided
under repair and maintenance contracts «ith factory representatives.



Section: 12.0
Revision No.:
Date: August 22, 1988
Page: 58

12.0 DATA ASSESSMENT

The purpose of data quality assessment is to assure that data generated
under the program is accurate and consistent with project objectives. The
quality of data will be assessed based on the precision, accuracy, consist-
ency, and completeness of the data that is measured or generated.

Data quality assessment will be conducted in three phases:

12.1 Phase 1

Prior to data collection, sampling and analytical procedures will be evalu-
ated in regard to their ability to generate the appropriate technically
acceptable information required to achieve project objectives. This Qual-
ity Assurance/Quality Control Plan meets this requirement by establishing
project objectives defined in terms of parameters, analytical methods, and
required performance levels.

12.2 Phase 2

During data collection, results will be assessed to assure that the select-
ed procedures are efficient and effective, and that the data generated
provides sufficient information to achieve project objectives. Precision
and accuracy of measurement systems will also be evaluated. In general,
evaluation of data will be based on performance audits and review of com-
pleteness objectives.

Documentation will include:

1. Number of replicate samples collected;
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2. Number of replicate, spike, and field blank samples analyzed;

3. Use of historical data and its reference;

4. Identification of analytical method used;

5. Evaluation of the data package, which will include:

o Initial calibration and calibration verification.
o Continuing calibration verification after every 20 samples

for elemental parameters and daily for semi-volatiles.
o Spiked sample analysis after every 10 samples for elemental

parameters and after every 20 samples for semi-volatiles.
o 10 percent preparation blank analysis,
o One duplicate sample analysis for every 10 samples.

The technical director of Canonie's laboratory will be responsible for any
additional evaluation required of analytical data packages.

12.3 Phase 3

Throughout the data collection activities, an assessment of the adequacy of
the database generated in regard to completing the project objectives will
be undertaken. Recommendations for improved quality control will be devel-
oped, if appropriate. In the event that data gaps are identified, the
Quality Assurance Coordinator or Quality Review Team may recommend the
collection of additional raw data to fully support the project's findings
and recommendations.
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13.0 CORRECTIVE ACTION

Corrective or preventive action is required when potential or existing
conditions are identified that may have an adverse impact on data quantity
or quality. Corrective action could be immediate or long-term. In gene-
ral, any member of the program staff who identifies a condition adversely
affecting quality can initiate corrective action by notifying in writing
his or her supervisor and the Quality Assurance Coordinator. The written
communication will identify the condition and explain how it may affect
data quality or quantity. Corrective action in the field is the responsi-
bility of each individual of the on-site staff, with review of procedures
to be used occurring prior to sampling episodes and a check of the proce-
dures implemented taking place after the sampling episode is completed.

Corrective actions with regard to laboratory analyses are the responsibil-
ity of the designated laboratory. In general, situations which may require
corrective action are identified through the analysis of travel blanks and
blanks retained in the laboratory, which would show any potential contami-
nation of samples by incorrect laboratory preparation procedures or through
the shipping phase, if it existed. These blanks are included in each
sample set shipped to the laboratory, providing a constant check on these
two potential sources of error. During analysis, the typical procedure
which the chemist utilizes in testing the samples involves the analysis of
a laboratory blank, a calibration sample, a laboratory blank, several field
samples, a live spike, a spiked laboratory blank, and several duplicates
and/or replicates. Overall quality control in the laboratory is maintained
by utilizing quality control standards which are prepared independently
from calibration standards. Preparation of quality control standards may
be by a chemist not directly involved in the preparation of the calibration
standards, by an outside laboratory, or by a manufacturer/supplier of
laboratory supplies. The acceptance or rejection of analytical data is
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contingent upon the results of analysis presented for the quality control
and calibration standards. The plotting of quality control data on a chart
allows for continued tracking of quality control procedures and results,
with this information as well as all analytical results retained in the
files for future reference and review.

13.1 Immediate Corrective Action

This type of corrective action is usually applied to spontaneous, non-
recurring problems, such as an instrument malfunction. The individual who
detects or suspects nonconformance to previously established criteria or
protocol in equipment, instruments, data, methods, etc., will immediately
notify his/her supervisor. The supervisor and the appropriate task leader
will then investigate the extent of the problem and take the necessary
corrective steps. If a large quantity of data is affected, the task leader
must prepare a memorandum to the Project Manager, the client, and the
Quality Assurance Coordinator. These individuals will collectively decide
on a course of action to correct the deficiencies while the project con-
tinues to proceed. If the problem is limited in scope, the Task Leader
will decide on the corrective action measure, document the solution in the
appropriate workbook, and notify the Project Manager, the client, and the
Quality Assurance Coordinator in memorandum form.

13.2 Long-term Corrective Action

Long-term corrective action procedures are devised and implemented to
prevent the recurrence of a potentially serious problem. The Quality
Assurance Coordinator will be notified of the problem and will conduct an
investigation to determine the severity and extent of the problem. The
Quality Assurance Coordinator will then file a corrective action request
with the Project Manager and Quality Review Team. In case of dispute
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between the Quality Review Team and the Project Manager, the Responsible
Corporate Officer will make a final determination for the company.

Corrective actions may also be initiated as a result of other activities
including:

o Performance Audits;
o System Audits;
o Laboratory/field comparison studies;
o Quality Assurance/Quality Control program audits conducted by the

Quality Review Team.

The Quality Assurance Coordinator will be responsible for documenting ail
notifications, recommendations, and final decisions. The Project Manager
and the Quality Assurance Coordinator will be jointly responsible for
notifying program staff and implementing the agreed upon course of action.
The Quality Assurance Coordinator will be responsible for verifying the
efficiency of the implemented actions. The development and implementation
of preventative and corrective actions will be timed, to the extent pos-
sible, to minimize any adverse impact on project schedules and subsequent
data generation/processing activities. However, scheduling delays will not
override the decision to correct the data collection deficiencies or inac-
curacies before proceeding with additional data collection. The Quality
Assurance Coordinator will also be responsible for developing and imple-
menting routine program controls to minimize the need for corrective
action.
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14.0 REPORTS TO MANAGEMENT

Periodic summary reports will be prepared to inform management of project
status. The reports will include:

1. Periodic assessment of measurement data accuracy, precision, and
completeness;

2. Results of performance audits and/or systems audits;

3. Significant Quality Assurance/Quality Control problems and recom-
mended solutions;

4. Status of solutions to any problems previously identified.

Additionally, any incidents requiring corrective action will be fully
documented. Procedurally, the Quality Assurance Coordinator will prepare
the reports to management. These reports will be addressed to the Project
Manager and the Quality Review Team. The summary of findings shall be
factual, concise, and complete. Any required supporting information will
be appended to the report.
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Table 2 01-09-1987
Results of EP Toxicity Metals Analysis on Soil 84-130-1514

Samples Received From Fairchild, McKin Page 4
Results in mg/1 leachate

Sampler ID: Al-10 Al-12 A1-2 Al-3 Al-4

Lab ID!: 616611 616613 616603 616604 616605

Analyte(s)
Arsenic
Barium
Cadmium
Chromium (Total)
Mercury
Lead
Selenium
Silver

ND 0.5
NO 10.
ND 0.10
NO 0.5
ND 0.02
ND 0.5
ND 0.1
ND 0.5

ND 0.5
ND 10.
ND 0.10
ND 0.5
ND 0.02
ND 0.5
ND 0.1
ND 0.5

ND 0.5
ND 10.
ND 0.10
ND 0.5
ND 0.02
ND 0.5
ND 0.1
ND 0.5

ND 0.5
ND 10.
ND 0.10
ND 0.5
ND 0.02
ND 0.5
ND 0.1
ND 0.5

ND 0.5
ND 10.
ND 0.10
ND 0.5
ND 0.02
ND 0.5
ND 0.1
ND 0.5

Note: FIGURL

ND X denotes none detected to « level of X \
|ND X denotes none detected . level of X due to un interfer. /peak
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1.0 INTRODUCTION

The purpose of the following Quality Assurance (QA) and Quality Control (QC)
program is to ensure that the data generated by Canonie Environmental Services
Corp., (Canonie) are accurate, precise, and, if necessary, will provide a
sound legal background for any enforcement activities. The QA/QC program
utilized by Canonie is based on ERA and CLP criteria.

The QA program is designed to ensure the reliability in the identification and
measurement data. The QC program is designed to obtain prescribed standards
of performance in the identification ant ,,ieasurement data. The above areas
will be discussed in detail along with sampling, collection and preservation,
sample control (log-in & storage), instrument calibration and maintenance, and
analytical methodology.

Canoniei
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CANONIE ENVIRONMENTAL SERVICES CORP.

Kenneth Wahl:

Jon Bartell:

John Buerger:

Jerry Martin:

Project Manager; M.S. and B.S. Chemistry, 15 years
laboratory experience in the toxicology and environmental
areas. Responsible for the overall daily operations of the
laboratory.

Project Supervisor; B.S. Biology/Chemistry, Masters Business
Administration, 17 years of laboratory experience.
Responsible for marketing analytical and engineering
services. Proficient in all areas of the laboratory with
varied sample types, including environmental and industrial
processes.

Project Supervisor; B.S. Chemistry/Biochemistry,
Laboratory Operations Manager, 4 years Environmental
Chemistry experience. Proficient in all areas of organic
analyses, and computer automated systems.

Project Scientist; GC/MS Supervisor; B.S. Environmental
Science, 11 years laboratory experience, with 6 years GC/MS
analysis and interpretation, including CLP samples and
associated documentation.
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Chemical Engineering (Drilling Fluids) 10 years laboratory
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4 years pesticide extraction experience, Gel Premeation
Column experience, proficient in sample preparation and
cleanup.

Chemist; B.S. Forensic Sciences/Chemistry, 4 years
Laboratory experience. Experienced in Volatile Organic
Analysis and Inorganic Analysis. Proficient in all aspects
of VOA analysis, start-up and operation of the purge and
trap and GC system. Experienced in the operation of an AA.

Chemist; B.S. Chemistry and Biology, 3 years laboratory
Experience in both inorganic preparation and all wet
chemistry analysis. Proficient in all aspects of Volatile
Organic Analysis and the operation of headspeace analyzers,
purge and trap systems, and gas chromatographs.

Chemist; B.S. Biochemistry, 7 years experience in
Analytical chemistry, including 3 years with Canonie.
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instruments involved in inorganic analysis of soils, waters
and hazardous wastes.
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3.0 SAMPLING PROCEDURES

One of the most important things to keep in mind is that the information
obtained from the analysis of a sample is only as good as the sample itself.
The sample should be as close a representative of the actual site in question
as possible.

Canonie Environmental Services Corp. provides its own sampling service upon
request, using techniques in accordance to EPA's "Characterization of
Hazardous Waste Sites-A, Methods Manual: Volume II, Available Sampling
Methods" and "Standard Methods".

After sampling, the chemical and physical integrity of the sample must be
maintained. Preservation of the sample is dependent upon the sample type and
the required analysis. Usually keeping the sample on ice and sending it to
the laboratory as soon as possible after sampling is sufficient.

Table I lists the recommended sampling, preservation procedure, container, and
sample volume.

Canonie
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Table 1 ' Vt)

Parameter

Cyanide

fluorlde

Hardness

Heaavalant Chromic

Hydro i id*

Ignttabtllty
(flash Point)

Metals Suspended
(eicept Cr VI)

Metals. Dissolved
(except Cr VI)

Metals. Total
(except Cr VI)

Kltrata

Httrlta

Nitrogen. Kjeldahl
(total)

Odor

Oil & Grease

Col ltd Ion
Technique Container

Grab or P.G
Composite

irab or P

Composite

Grab or P.G
Composite
Grab or P.G
Composite

Grab or P.G
Composite

Grab or G
Composite

Grab or P.G
Composite

Grab or P.G
Composite

Grab or P.G
Composite

Grab or P.G
Composite

Grab or P.G
Composite

Grab or P.G
Composite

Grab only G

Grab only G

Volume
(ml)

500

300

100

100

100

200

1000

1000

1000

100

50

500

200

1000

Preservation

NaOH to pH>12. 0.6g
Ascorbic Actd

None Required

HN03 to pH <2

Cool, 4 degrees C

Cool, 4 degrees C

Cool. 4 degrees C

Filter onslte

Filter onslte. HN03
to pH <2

HN03 to pH <2

Cool, 4 degrees C
H2S04 to pH < 2

Cool, 4 degrees C

HN03 to pH <2

Cool, 4 degrees C

Cool 4 degrees C
H2S04 to pH <2

Holding Time

14 days

2B days

6 months

24 hours

14 days

6 months, except
Hg— 28 days

6 months, except
Hg— J8 days

6 months, except
Hg— 28 days

48 hours
28 days

48 hours

28 days

24 hours

28 days

Method Technique

Distillation

Specific Ion Electrode

Tltnnetry

Spectrophotometry

Tltrlmetry

Closed Cap

Atomic Absorption

Atomic Absorption

Atomic Absorption

Spectrophotometry

Spectrophotometry

Distillation.
Tltrlmetry

Sensory Detection

Extraction,
Gravlmetry

Method

9010

340.2

130.2

SM 312.3

ASTM 0 514

1010

200.

200.

200.

353.3

354.1

351.3

140.1

413.1

D»t«CL .on
Limit

0.02

0.1

1.0

0.005

1.0

See pg
S7-5§

See pg
57-59

See pg
57-59

0.05

0.005

0.1

1.0

1.0

Organic Compounds Grab only 3000 Cool. 4 degrees C 7 days Gas Chromatography 600 series See pg
27-52

Canoniel i iv 11 x x in iei



Table 1 ' Vt)

Parameter

Cyanide

floor 1d«

Hardness

ttoxavalant Chromium

Hydro* id*

lynltablllty
(Flash Point)

Metals Suspended
(eiicept Cr VI)

HeuU. Dissolved
(except Cr VI)

Hetals. Total
(••cepl Cr VI)

Nitrate

Mttrlte

kttrog.*n. Kjeldahl
(total)

Odor

Oil & Creese

Collection
Technique

Grab or
Composite

Grab or

Composite

drab or
Composite
Grab or
Composite

Grab or
Composite

Grab or
Composite

Grab or
Conposlte

Grab or
Composite

Grab or
Composite

Grab or
Composite

Grab or
Composite

Grab or
Composite

Grab only

Grab only

Container

P.G

P

P.G

P.G

P.G

G

P.G

P.G

P.G

P.G

P.G

P.G

G

G

Volume
(ml)

500

300

100

100

100

200

1000

1000

1000

100

50

500

200

1000

Preservation

NaOH to pH>12. 0.6g
Ascorbic Add

None Required

HN03 to pH <2

Cool. 4 degree* C

Cool. 4 degrees C

Cool. 4 degrees C

Filter onslte

Filter onslte. HN03
tc pH <2

HN03 to pH <2

Cool. 4 degrees C
H2S04 to pH < 2

Cool. 4 degrees C

HN03 to pH <2

Cool. 4 degrees C

Cool 4 degrees C
H2S04 to pH <2

Holding Time

14 days

28 days

6 months

24 hours

14 days

6 months, except
Hg— 28 days

6 months, except
Hg— 28 days

6 roon'.hs. except
Hg— 28 days

48 hours
28 days

48 hours

28 days

24 houri

28 days

Method Technique

Distillation

Specific Ion Electrode

Tltrlnetry

Spectrophotometry

Tltrlmetry

Closed Cap

Atonic Absorption

Atonic Absorption

Atomic Absorption

Spectrophotometry

Spectrophotometry

Distillation.
Tltrlmetry

Sensory Detection

Extraction.
Gravlmetry

Method

9010

340.2

130.2

SM 312.3

ASTM D 514

1010

200.

200.

200

353.3

354.1

351.3

140.1

413.1

0«t>c i ion
Limit

0.02

0.1

1.0

0.005

1.0

See pg
57-59

See pg
57-59

See pg
57-59

0.05

0.005

0.1

1.0

1.0

Organic Compounds Grab only 3000 Cool. 4 degrees C 7 days Gas Chromatography 600 series See pg
27-52
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Table 1 '"on't)

Parameter

Sulfide

SuUlU

Surfactants (MBAS)

Total Organic Carbon
(TOC)

Total Organic Halogens
(TOX)

Tannins 1 Llgnlns

Turbidity

Col lection
Technique

Grab or
Composite

Grab or
Composite

Grab or
Composite

Grab or
COMPOS He

Grab or
Composite

Grab or
Composite

Grab or
Composite

Container

P.G

P.G

P.G

G. Teflon-
lined cap

G. Amber
Teflonllne

P.G

P.G

Volume
(ml)

500

SO

250

25

100

100

100

Preservation

Cool, 4 degree C,2ml
zinc acetate & NaOH

Determine onslte

Cool, 4 degrees C

Cool, 4 degrees C
HC1 to pH <2

Cool. 4 degrees Cadd
1ml 0.1H Na sulflte

None

Cool, 4 degrees C

Holding Time

7 days

No holding

48 hours

28 days

7 days

48 hours

48 hours

Method Technique

TltMmetry

THrlmetry

Extraction
Spec t ropho tome try

Combustlon-
Infared

TOX Instrumentation

Spectrophotometry

NephloMetry

Method

376.1

377.1

425.1

SM 505

SM 513

180.1

0*. .ction
Limit

1.0

2.0

0.05

1.0

0.1

0.01

V o l a t l l e Organlcs Grag only 120 Cool. 4 degrees C 14 days Gas Chromatography 601 and 602 See pg
27-29
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Parameter

Sulflda

SvUlU

Surfactants (MBAS)

Tot*) Organic Carbon
(TOC)

Total Organic Halogens
(TOX)

Tannins ( Ltgnlns

Turbidity

Volatile Organic*

Col lection
Technique

Grab or
Con posit*

Grab or
Compos lie

Grab or
Composite

Grab or
Composite

Grab or
Composite

Grab or
Composite

Grab or
Composite

Grag only

Container

P.G

P.G

P.G

G. Teflon-
lined cap

G. Amber
Tef lonllne

P.G

P.G

G

Volume
(ml)

500

so

250

25

100

100

100

120

Preservation

Cool. 4 degree C.2ml
zinc acetate & NaOH

Determine onslte

Cool. 4 degrees C

Cool. 4 degrees C
HC1 to pH <2

Cool. 4 degrees Cadd
1ml 0.1M Na sulHte

None

Cool, 4 degrees C

Cool. 4 degrees C

Holding Time

7 days

No holding

48 hours

28 days

7 days

48 hours

48 hours

14 days

Method Technique

Tltrlmetry

TltMmetry

Extraction
Spec tropho tome try

Combustlon-
Infared

TOX Instrumentation

Spectrophotometry

Nephlocetry

Gas Chromatography

Method

376.1

377.1

425.1

SM 505

SM 513

180.1

601 and 602

0«. .ction
Limit

1.0

2.0

0.05

1.0

0.1

0.01

See pg
27-29
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2. If sample containers are to be provided by Canonie, the bottle
request section is filled out which indicates the number and
type of container and where and when to send them. (See
Attachment II.)

3. Along with the sample containers, a chain-of-custody form
(Attachment III) and sample labels are included as a complete
package.

B. Sampling

1. Collection and preservation of the sample in accordance to
analysis protocol must be maintained.

2. All information on the sample label should be completed.

3. The sample origination should be noted so there is never any
question regarding sample origin.

4. The chain-of-custody should reflect the identification of the
sample to appear on the final report, this can be up to 20
characters per sample ID.

5. Any unusal observations noted or problems encountered during
sampling should be noted on the chain-of-custody form.
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5.0 CALIBRATION AND MAINTENANCE PROCEDURES

To assure the performance of the instruments used by Canonie Environmental
Services Corp., records are kept on any maintenance done, both preventative
and necessary. The record contains the date, worker, problems (if any),
maintenance performed, and the results.

1. Gas and Liquid Chromatographs

The Chromatographs are calibrated daily for each analysis
to be performed. Calibration is done upon initial start-up
and is rechecked periodically during the day depending on
the number of samples run through the instrument. Calibration
is done using a standard in the middle of the linear range for
the instrument. As a general rule, after 10 samples are
analyzed, the calibration curve is checked. Between
calibrations, a QC sample is also monitored.

Initial calibration of the instrument is based on a fi^-point
curve. Once linearity has been demonstrated, a three-point
curve is routinely analyzed. From the initial calibration, an
average response factor (cone./area) is determined from the
five points. This response factor is compared to the response
factor generated from the daily calibration. The daily
response factor should be within + 10% of the average response
factor; if it lies outside these limits a three-point curve is
performed. If linearity is not acheived, then actions are
taken to rectify the situation. Depending on the particular
instrument and detector, a variety of routine maintenance is
required.

Canoniei
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4. Inductively Coupled Plasma Spectrometer

Calibration

Six solutions are used to calibrate and to verify the
calibration of the ICP. These are (1) calibration blank
solution (2) calibration standard solution, (3) Initial
calibration verification standard solution (4) Interference
check standard solution (5) linear check standard solution and
(6) a quality control standard solution. The analytical curve
1s generated by the calibration blank and the calibration
standard solution. After generation of the analytical curve,
the Initial calibration verification standard solution 1s
analyzed. The recovery must be 90 to 110% of the expected
value. The Interference check standard 1s analyzed next. The
recovery must be within a 40% window (80 to 120%). The linear
check standard 1s then analyzed. The value of this standard 1s
at two times the detection limit. Next a quality control
standard 1s analyzed. The standard 1s usual from an outside
source (EPA and/or ERA). The recovery of the standard must be
within 90 to 110% of the expected value. If any of the above
given criteria for any standard falls the problem must be
corrected and the Instrument recalibrated.
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7. Ovens

A daily temperature check is performed on ovens used for TSS
and IDS analysis. Ovens not used for analysis purposes are
monitored every 6 months to insure that the temperature range
is accurate.

8. Thermometers

All thermometers used by Canonie Environmental Services Corp.
are calibrated against an NBS certified thermometer. Each
thermometer has a unique identification tag in order to monitor
its performance. Annually, the thermometers are checked for
their accuracy by submerging them in three different
temperature baths. Thermometers found to deviate more than 1 C
for a given range are used for noncritical work, or discarded.

CanonieH
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12. Repeating Pipets

Before delivering precise volumes, the pipets are checked for
their accuracy by weighing v/ater dispensed by five fill-and-
dispense cycles. Based on the weight of the pure water, the
mean dispensed volume can be determined for the pipet.

13. Glassware

Before using any glassware, check for any damage such as stars,
cracks, .r scrat~^s. Laboratory glassware must be *ept
scrupulously clean to assure that there will be no
contamination of samples or sample extracts. Depending on the
eventual use of the glassware, several different cleaning
methods are incorporated.

a. Volatile Organic Analysis (VOA)

Glassware used in VOA analysis are soaked in a tub of a
cleaning solution containing no chlorines (Palmolive soap
works well). The glassware is then washed in a sink using
a fresh portion of the same detergent, then rinsed, first
with tap water and then with organic pure water. The
glassware is then transferred in to an oven and baked to
ensure all volatile compounds are removed.

Canonie^
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B. Preparation of Parent Solutions

When making up the parent solutions, a log book is maintained
to record all the necessary info, .notion. A code number (prefixed
with a "P") is assigned to the parent solution, the date it was
made, analyst, code numbers of the standard and reagent used, all
weights and volumes used are recorded on the Parent Solution
Preparation Log. (See Attachment VIII). A balance check is also
performed at the same time. All parent solution bottles are
labeled with the code number, exact contents, date made, solvent,
analyst, expiration date, and a mark on the side of the label to
indicate the solvent line. Each _;me a significant aliquot is
removed, a new mark is placed on the label. This is done in order
to determine if evaporation has occurred.

Canome
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D. General Storage

Proper storage of reference standards is an essential part of the
analytical process.

When a contsiier is removed from storage, it should be allowed to
come to room temperature before opening. The bottle cap should
remain off only long enough to withdraw the amount needed. After
use, the bottle should be returned to storage immediately.

1. Purified Undiluted Standards

Place purified standards in a container, preferably with
desiccant, and stored in an explosion proof refrigerator.

2. Concentrated "Stock" Solutions

a. Stored at approximately 4 C.
b. Replace stable compounds such as organochlorines and

triazines after six months or when degradation is
apparent.

c. Replace compounds that degrade only at ambient
temperatures after six months or when degradation is
apparent,

d. Monthly replacement for unstable compounds such as
butylate, CDED, and disulfoton.

e. Degradation studies are performed on DDT and Endrin in
accordance to CLP protocol.

Canonie
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E. Solvent Monitoring

Solvents used for Organic analysis are checked for their purity by
concentrating 200 mis to 1 m1 :"~d injecting it onto the instrument.
Solvents showing interferences are not used for the analysis.

F. Deionized Water

Deionized water is produced on the premises. The resistivity is
checked and recorded each time water is produced. Every three
months the following tests are performed on the deionized water:
H», conductivity, silica content, total solids, and total organic
carbon. The results from \.nese tests are kept in a log book.
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6.0 ANALYTICAL PROCEDURES

Canonie Environmental Services Corp. uses only analytical methods and
procedures that are approved by the USEPA, or other agency to which the
customer is responsible.

Most procedures utilized come directly from EPA/4-79-020 EPA "Methods for
Chemical Analysis of Water and Wastewater," EPA SW-846 "Test Methods for
Evaluating Solid Waste," and "Standard Methods for the Examination Water and
Wastewater, 16th edition, 1985."

The following tables list the more common methods utilized for water and
soils, along with the typical detection limits reported by Canonie:
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Table II
Purgeable Halocarbons

Analytes

Bromodichloromethane
Bromoform
Bromomethane
Carbon tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethylvinyl ether
Chloroform
Chloromethane
Oibromochloromethane
1.2-Oichlorobenzene
1.3-0ichlorobenzene
1.4-Oichlorobenzene
Oichlorodifluoromethane
1.1-Oichloroethane
1.2-Dichloroethane
1.1-Di chloroethene
trans-1,2-0ichloroethene
1.2-Di chloropropane
cis-1,3-Oichloropropene
trans-1,3-Dichloropropene
1,1,2,2-Tetrachloroethane
Tetrachloroethene
1.1.1-Trichloroethane
1.1.2-Trichloroethane
Trichloroethene
Trichlorofluoromethane
Vinyl chloride
Methylene chloride

Detection Limits
Water (mg/1) Soil (mg/kg)

0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005
0.0005

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
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Table II
Purgeable Halocarbons

Other analytes available upon request
Freon
cis-1,2-Dichloroethene
EOB

Uater
Analysis; Method 601
Sampling container: Specially prepared 40 ml volatiles vials, taken in
triplicate.
Reference: Method for Organic Chemical Analysis of Municipal and Industrial
Wastewater. PF83-ZU1/9B, Method bUI. U. b. Environmental Protection Agency.
Cincinnati, Ohio, July 1982.

Soil
Analysis; Method 8010
Sampling Container: Air tight completely full brass tube, or 40 ml vial
Reference: Test Method for Evaluating Solid Waste, Physical/Chemical
Methods.
SW-846. Method 8010, U. S. Environmental Protection Agency, 1982.

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Acceptable holding time to analysis: 14 days.
Method of analysis: Gas Chromatography.

Canoniei



Table II
Purgeable Aromati^s

Analytes

Benzene
Chlorobenzene
1.2-Dichlorobenzene
1.3-Dichlorobenzene
1.4-Dichlorobenzene
Ethylbenzene
Toluene
Xylene

Other analytes available upon request
Acetone
Isopropyl Alcohol
Other Volatile Hydrocarbons (PIO detector)
Other Volatile Hydrocarbons (FID detector)

Water
Analysis:

n̂i
Method 602
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Detection Limits
Water (mg/1) Soil (mg/kg)

0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

Sampling container: Specially prepared acidified 40 ml volatiles vials,
taken in triplicate.
Reference: Methods for Organic Chemical Analysis of Municipal and Industrial
Wastewater, HBBJ-ZUI /98, Method bUZ and 6Z4. U. S. Environmental Protection
Agency, Cincinnati, OH, July 1982.

Soil
Analysis; Method 8020
Sampling container: Air tight completely full brass tube, or 40 ml vial
Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical
Metnods. SW-846, Method 8020, U. 3. Environmental Protection Agency. 1982.

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Acceptable holding time to analysis: 14 days.
Method of analysis: Gas Chromatography

Canonie
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Table II
Phenols

Detection Limits
Analytes Water (mg/1) Soil (mg/kg)

4-Chloro-3-methylphenol 0.001 10.
2-Chlorophenol 0.008 10.
2,4-Oichlorophenol 0.008 10.
2,4-Dimethyl phenol 0.008 10.
2,4-Oinitrophenol 0.005 10.
2-Methyl-4,6-dinitrophenol 0.003 10.
2-Nitrophenol 0.005 10.
4-Nitrophenol 0.005 10.
Pentachlorophenol 0.005 10.
Phenol 0.008 10.
2,4,6-Trichlorophenol 0.001 10.

Other analytes available upon request
Tetrachlorophenol——————

Water
Analysis: Method 604
Sampling container: Specially prepared one liter bottle, taken in
triplicate.
References: Methods forOrga"'jc Chemical Analysis of Municipal and
Industrial Wastewater. PB83-201798. Method 604. U. S. Environmental
Protection Agency, Cincinnati, OH, July 1982.
Varian Liquid Chromatography Procedure #96, Determination of Trace Levels of
Phenols in Water, Varian Instruments, Walnut Creek, California.

Soil
Analysis: Method 8040
Sampling container: Specially prepared mason jar or brass tube (200 g.
required).
References: Test Methods for Evaluating Solid Waste. Physical/Chemical
Methods. SW-84b. f*ethod 8U4U. U. b. bnvironmental Protection Agency, 1982.
Varian Liquid Thromatography Procedure #96, Determination of Trace Levels of
Phenols in Water, Varian Instruments, Walnut Creek, California.
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Table II
Phenols

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days ana completely analyzed within 30 days of
col lection.
Method of analysis: Liquid and Gas Chromatography.
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Table II
Organochlorine Pesticides

Analyte

Aldrin
Alpha-BHC
Beta-BHC
Delta-BHC
Gamma-BHC
Chlordane
4,4'-ODD
4,4'-DDE
4,4'-DDT
Dieldrin
Endosulfan I
Endosulfan II
Endosulfan sulfate
Endrin
Endrin aldehyde
Heptachlor
Heptachlor epoxide
Toxaphene
PCB-1016
PCB-1221
PCB-1232
PCB-1242
PCB-1248
PCB-1254
PCB-1260

Ot.ier analytes available upon request
E E C T 3 — — — — — —
Methoxychlor

Detection Limits
Uater (ug/1) Soil (mg/kg)

0.05
0.05
0.05
0.05
0.05
0.5
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
5.
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.01
0.01
0.01
0.01
0.01
0.05
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.5
0.01
0.01
0.01
0.01
0.01
0.01
0.01
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Table II
Organochlorine Pesticides

Water
Analysis: Method 608
Sampling container: Specially prepared one liter sample bottles, taken in
triplicate.
Reference: Method for Organic Chemical Analysis of Municipal and Industrial
Wastewater. FF"53-ZU1/9b, Method 608, U. S. Environmental Protection Agency.
Cincinnati, UH, July iyb2.

Soil
EnaTysis: Method 8080
Sampling container: Specially prepared mason jar or brass tube (200 g soil
required).
Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods.
SW-846. Method 8080, U. 5. Environmental Protection Agency, 1982.

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
col lection.
Method of analysis: Gas Chromatography.
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Table II
PCB's (Polychlorinated Biphenyls)

Detection Lirits
Analytes Water (ug/1) Soil (mg/kg)

PCB-1016 0.5 0.05
PCB-1221 0.5 0.05
PCB-1232 0.5 0.05
PCB-1242 0.5 0.05
PCB-1248 0.5 0.05
PCB-1254 0.5 0.05
PCB-1260 0.5 0.05

Water
Analysis; Method 608.3
Sampling container: Specially prepared one liter sample bottles, taken in
triplicate.
Reference: Methods for Organic Chemical Analysis of Municipal and Industrial
Wastewater. KbbJ-ZUl/b)b. Method b08, U. S. bnvironmental Protection Agency.
Cincinnati, OH, 1982.

Soil
Analysis: Method 8080.3
Sampling container: Specially prepared mason jar or brass tube (200 g soil
required).
Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods. SU-84b. Method S080. U. S. Lnvironmental Protection Agency. 1982.

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
col lection.
Method of analysis: Gas Chromatography.
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Table II
PCB'S in Oil

Detection Limits
Analytes Oil (mg/kg)

PCB-1016 5.
PCB-1221 5.
PCB-1232 5.
PCB-1242 5.
PCB-1248 5.
PCB-1254 5.
PCB-1260 5.

Oil
Analysis: Method PCS Oil
Sampling container: Two 20-40 ml Vials, teflon or foil lined cap (provide at-
least 15 ml volume).
Reference: EPA Test Method for the Deteririination of Polychlorinated Biphenyls
in Transformer Muid and Waste Oils, EPA-600/4-81-045. U. S. Environmental
Protection Agency, Cincinnati, OH, September 1982.
Shipping requirements: Securely packed in a leak proof container with chain-
of- custody.

Acceptable holding time to analysis: 28 days.
Method of analysis: Gas Chromatography.
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Table II
Polynuclear Aromatic Hydrocarbons

Analytes
Detection Limits

Water _(_pg/_l_)__Soil (mg/kg)

Acenaphthene
Acenaphthylene
Anthracene
Benzo (a) anthracene
Benzo (a) pyrene
Benzo (b) fluoranthene
Benzo (g,h,i) perylene
Benzo (k) fluoranthene
Chrysene
Dibenzo (a,h) anthracene
Fluoranthene
Fluorene
Indeno (1,2,3-cd) pyrene
Naphthalene
Phenanthrene
Pyrene

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

Method 610
container: Specially prepared one liter sample bottles. taken in

Water
Analysis:
Sampling
triplicate.
Reference: Method for Organic Chemical Analysis of Municipal and Industrial
Wastewater. KB BJ-ZUI/y». Method blU, U. b. Environmental Protection Agency.
Cincinnati, UH, July 1982.

4f§3 Ti
sis: Method 8100

container: Specially prepared mason jar or brass tube (200 g soilSamping
required).
Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods.
SW-846. Method blUO, U. 5. Environmental Protection Agency, 1982.————————
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Table II
Polynuclear Aromatic Hydrocarbons

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
collection.
Method of analysis: Gas and Liquid Chromatography.
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Table II
Chlorinated Hydrocarbons

Analytes

2-Chloronaphthalene
1,2-Dichlorobenzene
1, 3-Oi chl orobenzene
1,4-Dichlorobenzene
Hexachlorobenzene
Hexachloroethane
1,2,4-Tri chlorobenzene
Hexachlorocyclopentadiene
Hexachlorobutadiene

Detection Limits
Water (mg/1) Soil (mg/kg)

0.001
0.0015
0.0015
0.0015
0.0005
0.0005
0.0005
0.001
0.001

0.1
0.15
0.15
0.15
0.1
0.1
0.1
0.1
0.1

Water
Analysis; Method 612
Sampling container: Specially prepared one liter sample bottles, taken in
triplicate.
Reference: Method for Organic Chemical Analysis of Municipal and Industrial
Wastewater. ̂ ~B3-ZU1/̂ B. Method 61Z. U. S. Environmental Protection Agency.
Cincinnati, OH, July 1982.
Soil
Analysis; Method 8120
Sampling container: Specially prepared mason jar or brass tube (200 g soil
required).
Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods,
SW-846. Method 8120, U. S. Environmental Protection Agency, 1982.

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
collection.
Method of analysis: Gas Chromatography.
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Table II
Chlorinated Herbicides

Detection Limits
Analytes Water (mg/1) Soil (mg/kg)

2,4-D 0.02 0.02
2,4,5-TP 0.02 0.02

Other analytes available upon request
Z, 4,5-1 ———————————————
Dinoseb

Water
Analysis; Method 615
Sampling container: Specially prepared one liter sample bottles (amber),
taken in triplicate.
Reference: Determination of Chlorinated Herbicides in Industrial and
Municipal Wastewater, EPA-60Q/4-82-005. Method 615. EMSL. U. S. Environmental
Protection Agency, Cincinnati, OH, July 1982.
Varian Liquid Chromatography Procedure #88, Reverse Phase Separation of 2,4-Dipny Kr

Tvariand Silvex in Waste Water, Varian Instruments, Walnut Creek, California.

Soil
Analysis: Method 8150
Sampling container: Specially prepared mason jar or brass tube (200 g soil
required).
Reference: Test Method for Evaluating Solid Waste, Physical/Chemical Methods,
SM-846. Method 8150, U. b. tnvironmental Protection Agency, 1982.
Varian Liquid Chromatography Procedure #88, Reverse Phase Separation of 2,4-D>pny YT

Tvariand Silvex in Waste Water, Varian Instruments, Walnut Creek, California.

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
collection.
Method of analysis: Gas and Liquid Chromatography.
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Table II
Organophosphorus Pesticide

Detection Limits
Analytes Water (ug/1) Soil (mg/kg_)

DEF
Delnav
Diazinon
Dimethoate
Disulfoton
Ethion
Ethyl parathion
Malathion
Methyl parathion
Methyl trithion
Phorate

Water
Analysis: Method 622
Sampling container: Specially prepared one liter sample bottles, taken in
triplicate.
Reference: Determination of Organophosphorus Pesticides in Industrial and
Municipal Wastewater. LHA-6UU/4-82-DOB, Method bZZ, EMSL, U. S. Environmental
Protection Agency, Cincinnati, OH, July 1982.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

1.
1.
1.
1.
1.
1.
1.
1.
1.
1.
1.

Soil
Analysis;

iHTi
Method 8140

Sampling container: Specially prepared mason jar or brass tube (200 g soil
required).
Reference: Test Method for Evaluating Solid Waste. Physical/Chemical Methods,
SVJ-846. Method ttlAU, U. b. tnvironmental Protection Agency, 1982.
Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 14 days of
collection.
Method of analysis: Gas Chromatography.
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Table II
Volatile Organics (GC/MS)

Analytes

Benzene
Bronodichloromethane
Bromoform
Bromomethane
Carbon tetrachloride
Chlorobenzene
Chloroethane
2-Chloroethylvinyl ether
Chloroform
Chloromethane
Dibromochloromethane
1.2-Dichlorobenzene
1.3-Dichlorobenzene
1.4-Dichlorobenzene
Di chlorod if!uoromethane
1.1-Oichloroethane
1.2-Di chloroethane
1.1-Oichloroethene
trans-1,2-Dichloroethene
1.2-dichloropropane
cis-1,3-Dichloropropene
trans-1,3-Dichloropropene
Ethylbenzene
Methylene chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
1.1.1-Trichloroethane
1.1.2-trichloroethane
Trichloroethene
Trichlorofluoromethane
Vinyl chloride

Detection Lirr.its
Water (mg/1)(1) Soil (mg/kg)(2)

0.005
0.005
0.005
0.010
0.005
0.005
0.010
0.010
0.005
0.010
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.005
0.010

0.125
C.125
0.125
C.250
C.125
0.125
0.250
0.250
0.125
0.250
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.250
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Table II
Volatile Organics (GC/MS)

Other analytes available upon request

Secondary Quantitation List (optional e*: extra charge), analytes and detection
limits subject to change.

Detection Limits
Analytes Water (mg/1) (1) Soil (mg.kg)(2)

Freon 113 0.005 0.125
Acetone 0.005 0.125
Isopropyl Alcohol 0.005 0.125
Ethylene Dibromide (EDB) 0.005 0.125

Water
Analysis: Method 624
Sampling container: Specially prepared 40 ml volatile vial, taken in
triplicate.
Reference: Methods forQrganic Chemical ^n^lYsis ?^ Municipal and
Industrial WasTewater. PB83-201798. Method 624. U.S. Environmental
Protection Agency, Cincinnati, OH, July 1982

Soil
Analysis: Method 8240
Sampling container: Air tight completely full brass tube.
Reference: Test Methods for Evaluating Solid Waste. Physical/Chemical
Methods. SW-846. Mehtod 8240, U.S. Environmental Protection Agency. 1982.

Shipping requirements: Packed in an iced cooler with chain-of-custody.
Acceptable holding time to analysis: 14 days.
Method of analysis: Gas Chromatography/Mass Spec.

(1) Specific detection limits are highly matrix dependent. The detection
limits listed herein are provided for guidance and may not always be
achievable. Lower detection levels are possible with additional work at an
increased price.

(2) Detection limits listed for soil/sediment are based on wet weight.
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Table II
Semi volatile Organics (GC/MS)

Analytes

Acenaphthene
Acenaphthylene
Aldrin
Anthracene
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)f1uoranthene
Benzo(ghi)perylene
Benzo(a)pyrene
Benzidine
Butyl benzyl phthalate
alpha-BHC
beta-BHC
delta-BH
gamma—BHC
Bis (2-chloroethoxy)methane
Bis (2-chloroethyl) ether
Bis (2-chloroisopropyl)ether
Bis (2-ethylhexyl)phthalate
4-Bromophenyl phenyl ether
Chlordane
4-Chloro-3-methylphenol
2-Choronaphthalene
2-Chlorophenol
4-Chlorophenyl phenyl ether
Chrysene
4,4'-ODD
4,4'-ODE
4.4'-DOT
Dibenzo(a,h)anthracene
Dibutyl phthalate
1.2-Dichlorobenzene
1.3-Dichlorobenzene

Detection Limits
Water (mg/l)(l) Soil (mg/kg)(2)

0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.040
0.010
0.010
0.010
0.010
0.010

ne 0.010
0.010

her 0.010
te 0.010
r 0.010

0.100
0.010
0.010
0.010

er 0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010
0.010

0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
1.32
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
3.30
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
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Table II
Semi volatile Organlcs (GC/KS)

Analytes

1,4-Di chlorobenzene
3,3'-dich1orobenzidine
2,4-Dichlorophenol
Dieldrin
Diethylphthalate
2,4-Dimethylphenol
Dimethylphthalate
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Di-n-octylphthalate
Endosulfan I
Endosulfan II
Endosulfan sulfate
Endrin
Endrin aldehyde
Fluoranthene
Fluorene
Heptachlor
Heptachlor epoxide
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Indeno(l,2,3-cd)pyrene
Isophorone
2-Methyl-4,6-dinitrophenol
Naphthalene
Nitrobenzene
4-Nitrophenol
2-Nitrophenol
N-Nitrosodimethylamine
N-Nitrosodi-n-propylamine
N-Nitrosidiphenylamine

Detection
Water (mg/l)(l)

0.010
0.20
0.010
0.010
0.010
0.010
0.010
0.050
0.010
0.010
0.010
0.010
0.010
0.020
0.010
0.020
0.010
0.010
0.010
0.010
0.010
0.010

; 0.010
0.010
0.010
0.010

3! 0.050
0.010
0.010
0.010
0.010
0.010

j 0.010
0.010

Limits
Soil (mg/kg)(2)

0.330
6.60
0.330
0.330
0.330
0.330
0.330
1.65
0.330
0.330
0.330
0.330
0.330
0.660
0.330
0.660
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
0.330
1.65
0.330
0.330
0.330
0.330
0.330
0.330
0.330
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Table II
Semi volatile Organics (GC/MS)

Detection Limits
Analytes Water (mg/1)(1) Soil (mg/kg)(2)

PCB-1016 0.050 1.65
PCB-1221 0.050 1.65
PCB-1232 0.050 1.65
PCB-1242 0.050 1.65
PCB-1248 0.050 1.65
PCB-1254 0.050 1.65
PCB-1260 0.050 1.65
Pentachlorophenol 0.050 1.65
Phenanthrene 0.010 0.330
Phenol 0.010 0.330
Pyrene 0.010 0.330
Toxaphene 0.5 16.5
1,2,4-Trichlorobenzene 0.010 0.330
2,4,6-Trichlorophenol 0.010 0.330

Water
Analysis; Method 625
Sampling container: Specially prepared one liter bottle taken in
triplicate.
Reference: Methods for Organic Chemical Analysis of Municipal and
Industrial Wastewater. PB83-201796. Method 625. U.S. Environmental
Protection Agency, Cincinnati, OH, July 1982

Soil
Analysis; Method 8270
Sampling container: Specially prepared mason jar, 200 g soil required.
Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods. SW-846. Method 8270. U.S. Environmental Protection Agency. 1982.

Shipping requirements: Packed in an iced cooler with chain-of-custody.
Samples are extracted within 7 days and completely analyzed with in 30 days of
collection.
Method of analysis: GC/MS

Canonieh



Section No. 6.0
Revision No. 5
Date 9/15/87
Page 49

Table II
Semi volatile Organics (GC/MS)

(1) Specific detection limits are highly matrix dependent. The detection
limits listed herein are provided for guidance and may not always be achievable.
Lower detection levels are possible with additional work at an
increased price.

(2) Detection limits listed for soil/sediment are based on wet weight.
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Analytes

Aldicarb
Carbaryl
Carbofuran
Diuron
Linuron
Methomyl
Oxamyl

Table II
Carbamates

Detection Limits
Water (mg/1) Soil (mg/kg)

0.05
0.05
0.05
0.05
0.05
0.05
0.05

1.
1.
1.
1.
1.
1.
1.

Water
Analysis: Method 632
Sampling container: Specially prepared one liter sample bottles, taken in
triplicate.
Reference: Method of Organic Chemical Analysis of Municipal and Industrial
Wastewater. PBH3-Z01/98, Method 632, U. S. Environmental Protection Agency,
Cincinnati, OH, July 198Z.

Soil
Method 632ModAnalysis:

Sampling container: Specially prepared mason jar or brass tube (200 g soil
required).
Reference: Modified Method 632 Test Method for Evaluating Solid Waste,
Physical/Chemical Methods, adapted tor soil.

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
collection.
Method of analysis: Liquid Chromatography.
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Table II
Fumingants

Analytes

DBCP (Dibromochloropropane)
EDB (Eth^lene Dibromide)

Detection Limits
Water (mg/1) Soil (mg/kg)

0.01
0.1

1.0
1.0

Water
Analysis: Method 2000ys
Sampling container: Specially prepared one liter sample bottles, taken in
triplicate, for EDB only, use 40 ml vial (purge & trap technique).
Reference: Analysis of 1,2-dibrom -3- chloropropane in Water, California
Department ot Health services Methods, p. Z15. —————————
Reference; Method for Or^uaic Chemica"1 Analysis of Municipal and Industrial
Uastewater, PB83-201798, Method 601. U. S. Environmental Protection Agency.
Cincinnati, Ohio, July 1982 (EDB only).

Soil: Method 2010
Sampling container: Air tight completely full brass tube.
Reference: Analysis of 1,2-dibrom -3- chloropropane in Water, California
Department of Health Services Methods, p. 215. —————————
Reference: Test Method for Evaluating Solid Waste. Physical/Chemical Methods,
SW-846. Kethod BU1U, U. b. hnvironmental Protection Agency, 1982 (EDB only).

Shipping requirements: Packed in an iced cooler, with chai n-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
collection. EDB only using purge & trap technique, 14 days to analysis.
Method of analysis: Gas Chromatography.
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Table II
Benzene, Toluene. Xylene
(Gasoline components)

Detection Limits
Analytes Water (»pg/1) Soil (mg/kg)

Benzene 0.005 0.2
Xylene 0.005 0.2
Toluene 0.005 0.2
Other Hydrocarbons 0.005 0.2

Other analytes available upon request— ———————— ——
Water
Analysis; Method 2500
Saipp 1 i ng container: Specially prepared acidified 40 ml volatiles vials, taken
in triplicate.
Reference: Methods for Organic Chemical Analysis of Municipal and Industrial
Wastewater. PB83-ZU1 /big. Method b02, U. S. Environmental Protection Agency.
Cincinnati, OH, July 1982.

Soil
Analysis; Method 2510
Sampling container: Air tight completely full brass tube, or 40 ml vial
Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods.
SVI-846, Method 8020, U. 5. Environmental Protection Agency,

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Acceptable holding time to analysis: 14 days.
Method of analysis: Gas Chromatography with FID detector.
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Table II
Total Extractable Hydrocarbons
(Diesel/Fuel Oil Components)

Detection Limits
Analytes Uater (mg/1) Soil (mg/kg)

Total Extractable Hydrocarbons 1. 10.

Water
Analysis; Method 2515
Sampling container: Specially prepared one liter sample bottles, taken in
triplicate.
Reference: Method for Organic Chemical Analysis of Municipal and Industrial
Wastewater, KB BJ-ZU1/98. Method 602 modified, U. S. Environmental Protection
Agency, Cincinnati, OH, July 1982.

Soil
Analysis: Method 2520
Sampling container: Air tight completely full brass tube or 40 ml vial
Reference: Analytical Procedures for the Detection and Quantitatlon of Total
Petroleum Fuel Hydrocarbons and Fuel Constituents California Kegional water
Quality Control board, 11/tJ/iyut).

Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
collection.
Method of analysis: Solvent extraction, Gas Chromatography with FID detector.

Canome



Analytes

Endrin
Lindane
Methoxychlor
Toxaphene
2,4-D
2,4,5-TP

Table II
EP Toxicity Pesticides

Maximum Contaminant Level
(mg/1 leachate)

0.02
0.4
10.0
0.5
10.0
1.0
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Detection Limit

All detection limit
are one-tenth or
less of the
maximum contaminant
level

Analysis; Method EPTP
Samples are extracted with acetic acid and the leachate is examined for the
pesticides listed.
Sampling container: Special! ' "leaned mason jars for solids and sludges sample
size 400 g, and liter containers for liquids.
Reference: Test Methods for Evaluating Solid Waste. Physical/Chemical Methods,
SW-846, EP Toxicity, U. 5. Environmental Protection Agency, 1982.————————
Varian Liquid Chromatography Procedure #88, Reverse Phase Separation of 2,4-D
and bilvex in Waste Water, Varian Instruments, Walnut Creek, California
Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days
collection.
Method of analysis: Gas and Liquid Chromatography.
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Analytes

Endrin
Lindane
Methoxychlor
Toxaphene
2,4-D
2',4,5-TP (Silvex)

Detection Limit
Water (mg/1)

0.00005
0.00005
0.001
0.005
0.01
0.001

Water
Analysis: Method T22P
Sampling container: Specially prepared one liter bottles taken in triplicate.
Reference: Methods for Organic Chemical Analysis of Municipal and Industrial
Uastewater. PB 83-201796, Method 6D8, U. 5. Environmental Protection Agency,
Cincinnati, UH, July iyb2. Determination of ChTprinated Herbicides in
Industrial and Municipal VJastewater,tPA-6UU/4-B2-OOb, Method 615, EMSL, U. S.
hnvironmenta1 Protection Agency, Cincinnati, OH, July 1982.
Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Samples are extracted within 7 days and completely analyzed within 30 days of
collection.
Method of analysis: Gas Chromatography.
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Table II
Priority Pollutant Metals

Metals
Detection Limits

Analytes Water (mg/1) Soil (mg/kg)

Antimony 0-02 5.
Arsenic 0.01 5.
Beryllium 0.005 0.75
Cadmium 0.005 1.
Chromium 0.005 5.
Copper 0.05 5.
Lead 0.005 5.
Mercury 0.001 0.2
Nickel 0.05 5.
Selenium 0.005 1.
Silver 0.01 5.
Thallium 0.01 5.
Zinc 0.01 5.

Samples are digested and analyzed for the 13 metals, according to EPA criteria,
Federal Register, December 3, 1979.
Sampling container: Special acid-washed mason jars for solids and sludges
sample size 400 g, and special acid-washed liter containers for liquids.
Reference: California Assessment Manual, January 1984, Test Methods for
Evaluating Solid Waste, Physical/Chemical Methods. SW-846, Individual Metals
Analysis, U. b. tnvironmental Protection Agency, 19B?I
Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Method of analysis: Atomic Absorption Spectrophotometry.

Canonie H V>T Tl Y*
J_ij. iV LI



Analytes

Arsenic
Antimony
Barium
Beryl 1ium
Cadmi um
Chromium III/VI*
Cobalt
Copper
Lead
Mercury
Molybdenum
Nickel
Selenium
Si Tver
Thai 1ium
Vanadium
Zinc
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Table II
California Assessment Manual Metals

Regulatory Limits Detection Limits

TTLC (mg/kg) STLC (mg/1) TTLC (mg/kg) STLC

500
500
10,000
75
100
2,500/500
8,000
2,500
1,000
20
3,500

100
500
700
2,400
5,000

5
15
100
0.75
1
560/5
80
25
5
0.2
350
20
1
5
7
24
250

5.
5,
5!
0.75
1.
5/5
5.
5.
5.
0.2
5.
5.
1.
5.
5.
5.
5.

0.1
0.1
0.1
0.1
0.1
0.1/0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Samples are either acid digested for total metal content (to be compared to TTLC
regulatory values) or extracted with citrate buffer (to be compared to STLC
regulatory values).
*Chromium values are reported as total chromium, the sum of the III and VI
species.
Sampling container: Special acid-washed mason jars for solids and sludges (400
g sample size), and special acid-washed liter containers for liquids.
Reference: California Assessment Manual, January 1S84, Test Methods for
Evaluating Solid Waste. Physical/Chemical Methods. SW-846. Individual Metals
Analysis as per, U. 5. Environmental Protection Agency, Methods listed on pp.
28, 30.
Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Method of analysis: Atomic Absorption Spectrophotometry.
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Analytes

Arsenic
Barium
Cadmium
Chromium (total)
Mercury
Lead
Selenium
Silver

Table II
EP Toxicity Metals

Maximum Contaminant Level
(mg/1leachate)

5.0
100.0
1.0
5.0
0.2
5.0
1.0
5.0

Detection Limit

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Samples are extracteu with acetic acid, and the leachate is examined for the
eight metals listed.
Sampling container: Specially cleaned mason jars for solids and sludges, and
liter containers for liquids.
Reference: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods,
SM-846. EP loxicity, U. b. Environmental Protection Agency, 1982.————————
Shipping requirements: Packed in an iced cooler, with chain-of-custody.
Method of analysis: Atomic Absorption Spectrophotometry.
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Element

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmi urn
Calcium
Chromium (Total)
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Seleni um
Si Tver
Sodium
Strontium*
Thallium
Vanadium
Zinc

Table II
EPA Methods

Atomic Absorption Analysis
Metals in Water

Flame
Graphite
Furnace

EPA 202.1
EPA 204.1

EPA 208.1
EPA 210.1
EPA 213.1
EPA 215.1
EPA 218.1
EPA 219.1
EPA 220.1
EPA 236.1
EPA 239.1
EPA 242.1
EPA 243.1

EPA 246.1
EPA 249.1
EPA 258.1

EPA 272.1
EPA 273.1

30 3A
EPA 279.1
EPA 286.1
EPA 289.1

EPA 202.2
EPA 204.2
EPA 206.2
EPA 208.2
EPA 210.2
EPA 213.2

EPA 218.2
EPA 219.2
EPA 220.2
EPA 236.2
EPA 239.2

EPA 243.2

EPA 246.2
EPA 249.2

EPA 270.2
EPA 272.2

EPA 279.2
EPA 286.2
EPA 289.2

Hydride
Generation

EPA 206.3

Cold
Vapor ICP

EPA 245.1

EPA 270.3

EPA 200.7
EPA 200.7

EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

I
EPA 200.7
EPA 200.7
EPA 200.7

EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7
EPA 200.7

Reference: Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020,
EMSL, U. S. tnvironmental Protection Agency, 1979.———————
* Reference: Standard Methods for the Examination of Water and Wastewater, 16th
Edition, 1985.———
Method of Analysis: Atomic Absorption Spectrophotometry.
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Element

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium (Total)
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silver
Sodium
Strontium
Thallium
Vanadi urn
Zinc
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Table II
Minimum Detection Limits

Atomic Absorption Analysis
Metals in Water

mg/1

Flame

0.5
0.02

0.2
0.04
0.02
0.05
0.1
0.05
0.05
0.05
0.4
0.02
0.01

0.1
0.2
0.05

0.02
0.05
0.02
0.1
0.5
0.03

Furnace

0.02
0.005
0.01
0.05
0.0005
0.0005

0.003
0.005
o.oo:
0.01
0.002
0.001

0.005
0.005

0.005
0.001

0.002
0.003
0.005
0.005

Hydride
Generation

0.005
0.003

0.001

0.004
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Element

Aluminum
Antimony
Arsenic
Barium
Beryll ium
Cadmi urn
Calcium
Chromium (Total)
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silver
Sodium
Strontium
Thai 1 iun

i urn
Zinc
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Table II
EPA Methods

Atomic Absorption Analysis
Metals in Soil

Flame

EPA 7040

EPA 7080
EPA 7090
EPA 7130

EPA 7210
EPA 7380
EPA 7420

EPA 7760
EPA 7770

EPA 7840
EPA 7910
EPA 7950

Graphite
Furnace

EPA 7041
EPA 7060
EPA 7081
EPA 7091
EPA 7131

Hydride
Generation

EPA 7061

Cold
Vapor

EPA 7190 EPA 7191

EPA 7211
EPA 7381
EPA 7421

EPA 7460 EPA 7461

EPA 7520 EPA 7521

EPA 7471

EPA 7740
EPA 7761

EPA 7841
r.PA 7911
EPA 7951

EPA 7741

Reference: California Assessment Manual, January 1984. Test Methods for
Evaluating SoTid Haste, Physical/Chemical Methods, SW-846"!

Method of analysis: Atomic Absorption Spectrophotometry.
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Table II
Minimum Detection Limits
Atomic Absorption Analysis

Metals in Soil
mg/kg

Element Flame

Aluminum 50.
Antimony 20.
Arsenic
Barium 20.
Beryllium 20.
Cadmium 4.
Calcium 20.
Chromium (Total) 20.
Cobalt 20.
Copper 20.
Iron 20.
Lead 40.
Magnesium 20.
Manganese 4.
Mercury
Molybdenum 40.
Nickel 20.
Potassium 20.
Selenium
Silver 4.
Sodium 20.
Strontium 4.
Thallium 20.
Vanadium 80.
Zinc 5.

Graphite
Furnace

2.
1.
1.
5.
0.5
0.5

0.5
0.5
0.5
1.
0.5

0.2

0.5
0.5

1.
0.2

0.2
0.5
0.5
0.5

Hydride
Generation

1.
0.5

Cold
Vapcr

0.2
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7.0 DATA REVIEW AND REPORTING

All of the data generated by Canonie Environmental Services Corp. are reviewed
by at least two chemists from each of the various areas. If a second chemist
is unavailable to review the work, then the quality assurance officer will do
the second review. The quality assurance officer randomly reviews work from
each section to verify the documentation and reported results.

The following areas are checked when reviewing the work:
1. That the calculations, identification, and reported units are

correct.

2. That all the results obtained for the samples were within the
working calibration range or were diluted into the working
calibration range.

3. The QC results meet acceptance criteria.

If the data and QC results are unacceptable, then the cause for the results
being unacceptable must be determined before the analysis can continue and
results can be released. In the event that the QC results fall outside of the
control limits, a QA/QC comment sheet (see Attachment X) is issued, on which
the section head, analyst, and the QA Officer make appropriate comments and
sign.

If the data and the QC results are acceptable, the chemist initials the
tracking sheets, bench sheets, and/or other generated data, and gives the
entire data package to a second chemist for review and approval.

CanonieEr^vircnmerld-
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Once all of the various areas of analysis are completed* the entire report 1s
reviewed by the Laboratory Supervisor to Insure that all Information* data,
and resulting conclusions for a particular project are properly documented.
statistically valid, and meet the requirements of the client.

After approving the entire project, a typed report 1s generated, proofread by
an administrator, signed by each analyst and each chemist who reviewed the
work, and then sent to the customer and, 1f necessary, any County, State, or
Federal agencies.

The original report then goes to the Accounting Department for posting, and
eventually filed by customer.
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QA/QC COMMENT SHEET

METHOD___________ DATE ANALYZED_

INSTRUMENT ID_____ LP NUMBER___

ANALYST CLIENT

PROBLEM:

CORRECTIVE ACTIONS:

SECTION CHIEF_________________ DATE_

ANALYST DATE

COMMENTS

QA/QC DEPT.______________ DATE,

COMMENTS: _____

Attachment X
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8.0 QUALITY CONTROL

The quality control program is the most essential element to determining the
performance of the analytical measurements.

The quality control program involves the analysis of a blank, duplicate, and
spiked sample with every set of ten samples or with each matrix type.

1. Analysis of Blank

There are several different types of blanks that can be
prepared and analyzed; reagent blank, travel blank, or field
blank.

a. A reagent blank is prepared using deionized water, purified
soil, solvents, acids, or other reagents used in the
preparation and analysis of the samples. All analyses are
run using a reagent blank in order to verify that any
positive results are not due to contamination from the
laboratory. Blanks showing contamination above minimal
detectable levels indicates process contamination that must
be corrected.
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b. A travel blank is prepared by Canonie Environmental
Services Corp. and transported to the field, along with the
sample containers. The travel blank undergoes all of the
same handling as a .̂.̂ le, e.g., placed in the same cooler
at the time of sampling, thus showing if any contamination
was picked up curing transportation. Travel blanks will be
used to assess the environment in which the bottles and
samples underwent during transportation. The results from
the travel blank are used to assess contamination
encountered during transportation. Should contamination
occur, corrective measures must be taken (i.e., monitoring,
resamp'i mg).

c. A field blank is prepared at the sampling site and returned
blind to the laboratory with the sample. The field blank
is exposed to the same environmental factors as the samples
and is a good test to see if contamination is picked up at
the time of sampling. Field blanks are used to monitor
sampling techniques and are usually analyzed as a blind QC
sample.
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2. Analysis of Duplicates

The preferred method of duplication at Canonie Environmental
Services Corp. is the analysis of a duplicate spike sample. A
sample is chosen randorly, divided into equal aliquots, spiked
with a known amount of the analyte and prepared for analysis.
Duplicate samples are analyzed to determine the precision of
the preparation and analytical techniques. Daily the relative
percent difference (RPD) between the spike and duplicate spike
are plotted (See attachment XI). Relative percent difference
is calculated as:

Arrunt in Spike 1 - Amount in Spike 2
————:———————————————— x 100

Spike 1 + Spike 2

3. Analysis of Spiked Samples

In order to assure the accuracy of the analytical procedure, a
sample is randomly chosen and spiked with a known amount of the
analyte to be tested. The increased value for a spiked sample
resulting from the addition of the analyte at a known
concentration compared to the value obtained for that same
analyte in the unspiked sample determines the percent recovery.
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Daily, control charts are plotted and kept by instrument
specific, matrix specific, and analyte specific (see Attachment
XII). The percent recovery for a spike sample is calculated as
follows:

Amt, Found in Spiked Sample - Amt. Found in Sample
Rec.= ——————————————————————————————————— X100

Known Amount Added

4. Measurement of Method Detection Limits

Periodically, Canonic Environmental Services Corp. reevaluates
its method detection limits (MDL) for each matrix type and for
each method.

To determine the MDL, the methods prescribed by the EPA are
employed. The MDL is defined as the minimum concentration of a
substance that can be identified, measured, and reported with
99% confidence.

a. Procedure

1. If the MDL is determined in water, a laboratory
standard at a concentration 1-5 times that of the
estimated MDL is analyzed.
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2. For other matricies: a standard 5 - 1 0 times that of
the estimated MDL is analyzed.

3. The standard is analyzed seven times.

4. The fCl is calculated by finding the standard deviation
of the results for all seven analyses and multipling
the standard deviation by a factor of 3.143.

Canonte
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9.0 ESTABLISHMENT OF ACCEPTABLE LIMITS

Construction of a Control Chart or X" Chart

A control chart is constructed on data produced in the laboratory for a
specific analysis and instrument. It is a method of showing the precision of
an analysis, based on common, simple statistical methods.

When a quality control sample of known concentration is analyzed a number of
times, a series of analytical results are received which should bracket the
known concentration in a Gaussian or normal distribution. The average (7) is
the sum of the results divided by the number of results.

The standard deviation (cP ) is an indication of the spread of the results
from the mean, or the precision of the analysis. This is defined as the
square root of the sum of the differences between the average and each result,
squared, divided by one less than the number of analysis.

J (x-x)'

n-1

The proportion of results lying within any given range is related to the

standard deviation. That is, 68% of the observations lie within X" + 1ar, 95%

between X + 2a~, and 99% between X + 3er, for large numbers of samples. This
relationship becomes more precise as n increases, but is suitable for smaller

populations (approximately 20).
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Once a quality control sample has been analyzed at least 20 times and the mean
and standard deviation established* 1t 1s possible to predict the limits Into
which any further analysis of the sample will fall 1f the analysis 1s
performed under Identical conditions. For example* 1f a known QC sample 1s
10.0 ppb* the analysis may produce an X of 9.9 and of 1.0 for 20 results.
Then 95% of the results of re-analysis will fall within 9.9 ± 2.0 or from 7.9
to 11.9. In like manner 99% of the results of reanalysls will fall within 9.9
+ 3.0* or from 6.9 to 12.9. These ranges are known as limits. The upper and
lower warning limits are X + 2 * and the upper and lower control limits are X
± 3 .

These limits can be used to construct a chart defining when an analysis 1s "1n
control." (See Attachment XII)

In order to construct a control chart* the following steps are necessary:

1. Analyze the quality control sample at least 20 times.

2. Collate the results* finding the average (X) and the standard
deviation ( ).

3. Set the upper warning limit at X + 2 > the lower warning limit
at X - 2 .

4. Set the upper control limit at X + 3 and the lower control
limit at X - 3 .

5. Draw a control chart which delineates the average and the four
limits.

6. Plot each subsequent quality control result on the chart to
demonstrate the precision of that analysis. (See Attachment
XII).

CanonieEnvircnr



Section No. 10.0
Revision No. 5
Date 9/15/87
Page 72

10.0 ACCEPTANCE CRITERIA AND PROBLEMS

When an analysis is being performed, the analyst must verify immediately that
the results generated for the quality control samples falls within the
acceptance limits for that analysis.

The quality control sample indicates acceptable analysis values when it falls
between the lower warning limit (LWL) and the upper warning limit (UWL). As
long as the quality control sample falls within these limits the analysis will
continue and results will be released to the client. If the quality control
sample value falls between the control limit and warning limit (UCL and UWL or
LCL and LWL), the analysis should be scrutinized as possibly out-of-control.
The sample results are still acceptable at this point, however, if the control
sample value remains between the control limit and warning limit for 5
consecutive days, the analysis is stopped and no data is released until the
problem is resolved.

If the quality control sample value falls outside the control limits (UCL
or LCL), this indicates an out-of-control situation. The analysis is stopped
and no data is released until the reason for the problem has been identified
and resolved. When an out-of-control situation occurs, the analyst is
required to fill out a QA/QC comment sheet (see Attachment XIII) and submit it
to both their immediate supervisor and the Quality Assurance Officer. After
the problem has been corrected and shown that acceptable results are once
again produced, samples will once again be analyzed and data will be released.
Depending on the type of problem encountered, the problem and its solution
will be documented.
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Not only are the control charts used to monitor the performance of the
laboratory, the Quality Assurance Officer also monitors the laboratory
performance by releasing blind quality aiiu<dnce samples and by randomly
reviewing particular analysis. In the event that the Quality Assurance
Officer spots unacceptable practices, a formal notice (see Attachment XIII) is
issued to the laboratory manager and the section supervisor in which the
corrective actions must be implemented. The section supervisor must respond
to the formal notice and correct any difficiencies.

Precision, Accuracy and Relative Error:

Precision refers to the reproducibility of a method when it is repeated on a
homogeneous sample under controlled conditions.

The precision or reproducibility of a method shall be expressed as a
percentage of the mean and is termed the relative standard deviation or
coefficient of variation:

where C = Relative standard deviation or coefficient of variationv
= standard deviation

X = mean

Relative error expresses the difference between the measured and the actual
amounts:

relative error = X - TV
X"

where
X = observed value

TV = true value
X = mean

Therefore, relative error represents the measure of accuracy of a method.
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OA/OC COMMENT SHEET

METHOD_________ DATE ANALYZED.

INSTRUMENT ID_____ LP NUMBER___

ANALYST__________ CLIENT

PROBLEM:

CORKECTIVE ACTIONS:

SECTION CHIEF_________________ DATE_

ANALYST______________________ DATE,

COMMENTS ________________________

QA/QC OEPT._________ DATE,

COMMENTS: ____________
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11.0 PERFORMED AND SYSTEM AUDITS

Canonle Environmental Services Laboratory routinely analyzes performance audit
samples from both New York State Department of Health for potable and non-
potable water and US EPA for both the drinking water (WS series) and
wastewater (WP series) samples.

Certified reference materials are purchased from the National Bureau of
Standards for metals 1n sediment like matrlxs. Additional reference material
1s accqulred from the US EPA Quality Assurance Materials Book.

3. Current laboratory certification Include:

1. California DOHS certification for the analysis of
Hazardous Waste.

2. California Department of Health Service* Sanitation and
Radiation, approved water laboratory certification for
General Chemical and Organic Chemical.

3. New York State Department of Health certification for
potable water and non-potable water analysis.
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12.0 REVIEW OF ANALYTICAL RESULTS BY THE QUALITY ASSURANCE OFFICER

The function of the Quality Assurance Officer is to assure that the quality of
the service delivered to the client meets the highest possible standard of
quality, through the control of handling and analytical procedures performed
on the samples. Should the acquired data be of suspect quality, it is the
duty of the Quality Assurance Officer to halt its release.

Outlined is the functions and responsibilities performed by the Quality
Assurance Officer:

1. Coordinate proficiency testing for laboratory approval
programs.

2. Coordinate any on-site QA/QC inspections.

3. Prepare and update QA/QC plans.

4. Assist in the development of new analytical methods and
techniques.

5. Assist in the development and planning of QA/QC documents and
programs with the Project Engineer on a project by project
basis.

6. With the QC committee continue to develop and implement a QC
program.
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7. Monitor the sections for compliance to the QA/QC program by:

- reviewing standard storage and preparation

- reviewing Instrument log books

- reviewing QC documentation for completeness

- reviewing sample storage

8. Analyze data generated from 1n-house QC check samples.

9. Advise personnel on laboratory procedures.

10. Advise personnel when problems are encountered with an
analysis.

11. Respond to Inquiries made regarding laboratory QA/QC related
activities.

RESPONSIBILITIES: The Quality Assurance Officer will:

1. Identify and refer any Instances 1n which QC objectives are not
being met to the section heads and laboratory manager for
remedial actions.

2. Assure that suspect data are not Included In laboratory
reports.
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3. Follow up on the remedial actions undertaken in response to the
above referrals to assure that QC objectives are once again
being met.

4. Inspect corrective action reports for out-of-control events.

5. Prepare a monthly QA report summarizing any warning sheets
issued, corrective actions taken, unresolved problems, and
overall QC activities of the laboratory.

A monthly QA report is then submitted to the Manager of Laboratory Services,
Ken Wahl. He reviews the progress of the laboratory, makes his
recommendations and goals for the next month. The monthly QA report is
submitted to the Executive Vice President, Phillip E. Antommaria.
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DAILY FIELD ACTIVITY LOG
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CanonieEnvircnmental Daily Field
Activity Log
PROJECT No.,

DATE

PAGE______OF

P R O J E C T NAME

FIELD A C T I V I T Y S U B J E C T .

WEATHER_________________________________________LOGGED BY

DAILY A C T I V I T I E S AND EVENTS.'
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APPENDIX C

TEST PROCEDURES FOR SOILS ANALYSIS
AND MATERIAL SPECIFICATIONS
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APPENDIX C

TEST PROCEDURES FOR SOILS ANALYSIS
AND MATERIAL SPECIFICATIONS

ASTM
Number Sub.lect
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Designation: D 1586 - 84

Standard Method lor
PENETRATION TEST AND SPLIT-BARREL SAMPLING OF
SOILS1

I his sljndaid is issued under the lined dcsiBnalion U 1586. Ihe number immediately f»ihn»m| Ihe ilcuinauon indicates the year of
original adoption or. in Ihc case of revision. Ihc year of lill revision A number in paicrilhesei indtcaiei Ihe year of lasl teappfovtl
A superscript epsilon (,) militates an editorial change unce Ihe tut revision or icappioval

.;.nwJ !»' uif by agtm ,ei uj l*f />.;w«/m-m of Drjenir anj lot luting ,n Ihc 1>OO InJ.; a) .S/v. i/iuiliuniI hi, im-ihtut Aui htrn
unj \liinjtirjl

1. Scope
I I This method describes the procedure, gen-

ei.illy known as Ihe Standard Penetration Test
(SP 1), for driving a sphl-barrel sampler to obtain
a representative soil sample and a measure of the
resistance of the soil to penetration of the sam-
pler.

I 2 / Ins standard may involve hazardous ma-
terials, operations, and equip nent This standard
does not purport lo address all oj the sajely prob-
lems associated with us use. ll is the responsibil-
ity of whoever uses this standard lo consult and
establish appropriate sajely and health practices
and determine the applicability oj regulatory limi-
tations prior to use For a specific precautionary
statement, see 5.4.1.

1.3 The values staled in inch-pound units are
to be icgarded as Ihe standard.

2. Applicable Documents
2.1 AS'iM Standards:
D2487 Test Method for Classification of Soils

for Engineering Purposes2

1)2488 Practice for Description and Identifi-
cation of Soils (Visual-Manual Procedure)2

1)4220 Practices for Preserving and Trans-
porting Soil Samples2

,). Descriptions of Terms Specific lo This Stand-
ard
i I anvil—that portion ol Ihe drive-weight as-

sembly which Ihe hammer strikes and through
which Ihe hammer energy passes into the dnll

i .' i iillicad—-the lolalmg ilium or windlass
in Hie io|>c cathead lilt system around which Ihe
o|>eiaiiii wi.tps a rope lo lift and drop the ham-

mer by successively tightening and loosening Ihe
rope lurns around the drum.

3.3 drill rods—rods used lo transmit down-
ward force and torque to the dnll bit while drill-
ing a borehole.

3.4 drive-weight assembly—a device consist-
ing of the hammer, hammer fall guide, the anvil,
and any hammer drop system.

3.5 hammer—that portion of the drive-weight
assembly consisting of the 140 ± 2 IL (63.5 ± I
kg) impact weight which is successively lifted and
dropped to provide ihc energy that accomplishes
the sampling and penetration.

3.6 hammer drop system—lhal portion of Ihe
drive-weight assembly by which Ihe operator ac-
complishes Ihe lifting and dropping of the ham-
mer to produce Ihe blow.

3.7 hammer fall guide—that part of the drivc-
weighl assembly used to guide Ihe fall of Ihc
hammer.

3.8 N value—the blowcount representation of
the penetration resistance of Ihe soil. The N-
value, reported in blows per foot, equals Ihe sum
of Ihe number of blows required to drive Ihe
sampler over Ihe depth interval of 6 to 18 in.
(150 to 450 mm) (see 7.3).

3.9 il/V—the number of blows obtained from
each of the 6-in (150-mm) intervals of sampler
penetration (see 7.3).

3 10 number oj rope lurns—the total contact
angle between the rope and the cathead at the
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beginning of the o|>eralor's rope slackening lo
drop Ihe hammer, divided by 360* (see Fig. I).

3 . 1 1 sampling rods—rods lhal conned Ihe
drive-weight assembly to the sampler. Drill rods
are often used for (his purpose.

3 12 SPT— abbreviation for Standard Pene-
tration lest, a term by which engineers com-
monly refer lo this method.

4. Significance and Use
4 I This method provides a soil sample for

identification purposes and for laboratory tests
appropriate for soil obtained from a sampler that
may produce large shear strain disturbance in the
sample.

42 '1 his method is used extensively in a great
variety of geolechnical exploration projects.
Many local correlations and widely published
correlations which relate SPT blowcounl, or N-
value, and the engineering behavior of earth-
works and foundations are available.

5. Apparatus

5.1 Drilling Equipment—Any drilling equip-
ment that provides al the time of sampling a
suitably clean open hole before insertion of the
sampler and ensures lhal the penetration test is
performed on undisturbed soil shall he accepta-
ble. 1 he following pieces of equipment have
proven lo be suitable for advancing a borehole
in some subsurface conditions.

5.1.1 lirag. ('hupping, and h'lshlail hits, less
than 65 in. (162 mm) and greater than 2.2 in.
(56 mm) in diameter may be used in conjuction
with open-hole rotary drilling or casing-advance-
ment drilling methods. To avoid disturbance of
the underlying soil, bottom discharge bus are not
permitted; only side dischaige bits are permitted.

5.1 .2 Roller-Cone Bus, less than 6.5 in (162
mm) and greater than 2.2 in. (56 mm) in diam-
eter may be used in conjunction wilh open-hole
rotary drilling or casing-advancement drilling
methods if Ihe drilling fluid discharge is deflected.

5.1.3 Hollow-Stem Continuous Might Augers,
with or without a center bit assembly, may be
used lo drill the boring. The inside diameter of
Ihe hollow-stem augers shall be less than 6.5 in.
(162 mm) and greater than 2.2 in (56 mm).

5 .1 .4 Solid. Conlinuom Might. Bucket and
Hand Augen. less Ihun 6.5 in (162 mm) and
greater than 2 2 in (56 mm) in diameter may be
used if the soil on the side ol the boring docs not
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cave onto the sampler or sampling rods during
sampling.

5.2 Sampling Rods—Hush joint steel dnll
rods shall be used to connect Ihe spin-barrel
sampler to Ihe drive weight assembly. The sam-
pling rod shall have a stiffness (moment of iner-
tia) equal lo or greater than that of parallel wall
"A" rod (a steel rod which has an outside diam-
eter of I Vi in. (4I.2 mm) and an inside diameter
of I '/i in. (28.5 mm).

NOIE I --Recent research and comparative testing
indicates Ihc type rod used, with silliness ranging from
"A" si/e rod lo "N" size rod, will usually have a
negligible eflecl on the A/-value& to depths of al least
100 ft (30m).

53 Spin barrel Sampler—Ihe sampler shall
be constructed wilh Ihe dimensions indicated in
Fig. 2. The driving shoe shall be of hardened sleel
and shall be replaced or repaired when il becomes
dented or distorted. The use of liners lo produce
a constant inside diameter of I '/• in. (35 mm) is
permitted, but shall be noled on the penetration
record if used. The use of a sample retainer basket
is permitted, and should also be noted on the
l/cnelralion record if used.

Noll 2 -Both theory and available lest djla suggest
that A/ values may increase between 10 lo 30% when
liners are used.

54 Drive-Weight A \\embly
5 . 4 . 1 Hammer and Anvil—I he hammer shall

weigh 140 ± 2 \b (63 5 ± I kg) and shall be a
solid ngid metallic mass The hammer shall slnkc
Ihe anvil and make steel on sleel contact when H
is dropped A hammer fall guide permitting a
free fall shall be used. Hammers used with the
cathead and rope method shall have an un-
impeded overhfl capacity of at least 4 in (KM)
mm). For safely reasons, Ihe use of a hammer
assembly wilh an internal anvil is encouraged

Nou 1- ll is suggested lhal Ihe hammer fajl guide
IM- permanently marked lo enable Ihe operator or in
speclor lo judge Ihe hammer drop height.

5.4.2 Hummer Drop System—Kope-culhrad,
trip, semi-auiomalic, or automatic hammer drop
systems may be used, providing Ihe lifting appa-
ratus will not cause penetration of Ihe sampler
while re-engaging and lifting Ihe hammer

5 5 Accessory fcquipmenl—Accessories such
as labels, sample containers, data sheets, and
gioundwaier level measuring devices shall be pto-
vided m accoidance with (lie rcqiiiiemenli ol Ihe
project and olhei AS 1 M standards
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6. Drilling Procedure
61 The boring shall be advanced incremen-

uilly in permit intermittent or continuous sam-
pling lest intervals and locations are normally
stipulated by the project engineer or geologist.
Typically, the intervals selected are 5 ft (1.5 mm)
or less in homogeneous strata with test and sam-
pling locations at every change of strata.

62 Any drilling procedure that provides a
suitably clean and stable hole before insertion of
the sampler and assures that I le penetration test
is performed on essentially undisturbed soil shall
be acceptable. Each of the following procedures
have proven to be acceptable for some subsurface
conditions The subsurface conditions antici-
pated should be considered when selecting (he
drilling method to be used.

6.2.1 Open-hole rotary drilling method.
622 Continuous flight hollow-stem auger

method.
6.2.3 Wash boring method.
6.2.4 Continuous flight solid auger method.
6.3 Several drilling methods produce unac-

ceptable borings. The process of jetting through
an open lube sampler and then sampling when
the desired depth is reached shall not be permit-
ted. The continuous flight solid auger method
shall not be used for advancing the boring below
a water table or below the upper confining bed
ot a confined non-cohesive stratum that is under
artesian pressure. Casing may nol be advanced
below the sampling elevation prior to sampling.
Advancing a boring with bottom discharge bits
is not permissible. It is not permissible to advance
the boring for subsequent insertion of the sam-
pler solely by means of previous sampling with
the SPT sampler.

6.4 The drilling fluid level within the boring
or hollow-stem augers shall be maintained at or
above the in situ groundwater level at all limes
during drilling, removal of drill rods, and sam-
pling

7. Sampling and Testing Procedure
'!. I After the boring has been advanced to the

desired sampling elevation and excessive cuttings
have Ix-en icmoved, prepare for the test with the
following sequence ol operations.

7 I I Allacli Ihr split-barrel sampler lo the
sampling rods and lower into the borehole Do

nol allow ihc sampler lo drop onto the soil lo be
sampled.

7.1.2 Position the hammer above and attach
the anvil lo the lop of the sampling rods. This
may be done before the sampling rods and sam-
pler are lowered into the borehole.

7.1.3 Rest the dead weight of the sampler,
rods, anvil, and drive weight on the bottom of
the boring and apply a sealing blow If excessive
cuttings are encountered at the bottom of the
boring, remove the sampler and sampling rods
from the boring and remove (he cuttings.

7.1.4 Mark the drill rods in three successive
6-in. (0.1 5-m) increments so that the advance of
the sampler under the impact of the hammer can
be easily observed for each 6-in. (0.15-m) incre-
ment.

7.2 Drive the sampler with blows from the
140-lb (63.5-kg) hammer and count the number
of blows applied in each 6-in. (0.1 S-m) increment
until one of the following occurs:

7.2.1 A total of 50 blows have been applied
during any one of the three 6-in. (0.15-m) incre-
ments described in 7.1 4

7.2.2 A total of 100 blows have been applied.
7 2.3 There is no observed advance of the

sampler during the application of 10 successive
blows of the hammer.

7.2.4 The sampler is advanced the complete
18 in. (0.4S m) without (he limiting blow counts
occurring as described in 7.2.1, 7.2.2, or 7.2.3.

7.3 Record the number of blows required to
effect each 6 in. (0.15 m) of penetration or frac-
tion thereof. The first 6 in. is considered to be a
sealing drive. The. sum of ihe number of blows
required for Ihe second and third 6 in. of pene-
tration is termed Ihe "standard penetration re-
sistance", or Ihe "A'-value". If the sampler is
driven less than 18 in. (0.45 m), as permitted in
7.2.1, 7.2.2, or 7.2.3, Ihe number of blows per
each complete 6-in. (0.15-m) increment and per
each partial increment shall be recorded on the
boring log. For partial increments, Ihe depth of
penetration shall be reported to the nearest I in.
(25 mm), in addition lo the number of blows. If
the sampler advances below the bottom of Ihe
boring under Ihe static weight of Ihe drill rods or
Ihe weighl of the drill rods plus the static weight
of Ihe hammer, tins information should be noted
on Ihe boring log.

7.4 The raising and dropping of Ihe 140-lb

(63.5-kg) hammer shall be accomplished using
either of Ihe following two methods:

7.4.1 By using a trip, automatic, or semi-au-
lomaiic hammer drop system which lifts the 140-
lb (63.5-kg) hammer and allows it to drop 30 ±
1.0 in. (0.76 in ± 25 mm) unimpeded.

7.4 2 By using a cathead to pull a rope at-
tached lo the hammer. When Ihc cathead and
a>i>e method is used the system and operation
shall conform to the following:

7.4.2.1 I he cathead shall be essentially free of
rust. oil. or giease and have a diameler in Ihe
range of 6 lo 10 in (150 lo 250 mm).

7.4 2.2 Ihe cathead should be operated at a
minimum speed of rotation of 100 RPM, or the
approximate speed of rotation shall be reported
on the boring log.

7 4.2.3 No more than 2'/« rop_e turns on the
cathead may be used during the performance of
the penetration test, as shown in Fig. I.

Noli 4 — Ihe operator should generally use eilher
I '/« or 2'/4 rope lurns, depending upon whether or nol
Ihe rope comes oft Ihe lop ( I ' / » turns) or Ihe bottom
(2'/« turns) of Ihc calhcad, ll is generally known and
accepted thai 2'A or mote rope turns lonsideiably
impedes Ihe fall of Ihc hammer and should nol be used
lo perform ihe lesl. Ihr -aihead rope should be main-
tained in a relatively dry .lean, and unfrayed condition.

7.4.2.4 For each hammer blow, a 30-in. (0.76-
in) lilt and drop shall b_- employed by Ihe oper-
ator. I he operation of pulling and throwing the
rope shall be performed rhythmically without
holding the rope at Ihe lop of the stroke.

75 Bring the sampler to Ihe surface and open.
Record Ihe percent recovery or Ihe length of
sample recovered. Describe the soil samples re-
covered as to composition, color, stratification,
and condition, then place one or more repre-
sentative portions of Ihe sample into scalable
moisture-proof containers (jars) without ram-
ming or distorting any apparent stratification.
Seal each container to prevent evaporation of soil
moisture. Affix labels to the containers bearing
job designation, boring number, sample depth,
and the blow count per 6-in. (0.15-m) inclement.
Protect the samples against extreme temperature
changes. If there is a soil change within the
sampler, make a |.ir for each stratum and note
us location in the sampler barrel

8 Kcporl
K I Dulling mlom lion sli.ill he i en mini in

ihc IKkl and shall in>/ Ihe following

8 I I Name ami location of job,
812 Names ol i icw.
8 1.3 Type and make ol drilling machine,
8 I 4 Weather conditions.
8.1.5 Dale and lime of start and finish of

boring,
8.1.6 Billing number ai.d local ion (station

and cooidinates, if available and applicable),
81.7 Surface elevation, if available,
8 I 8 Method of advancing and cleaning the

boring,
8.1.9 Method of keeping boring open,
8 I 10 Depth of water surface and drilling

depth at Ihe lime ol a noted loss of drilling fluid,
and lime and dale when leading or notation was
made.

8 1 1 1 I ocalion of sliala changes.
8 I 12 Sue of casing, depth of cased portion

ol boring,
8.1 .13 I i|uipincnl and method of driving

sampler,
8.1.14 Type sampler and length and inside

diameler of barrel (note use of liners),
81.15 Si/e, ty|>c, and section length of Ihe

vimpliiig rods, and
8 1 1 6 , emarks
82 Dai obtained for each sample shall be

recorded iii the field and shall include the follov -
ing:

8.2 I Sample depth and. if ulili/ed, Ihe sample
number,

822 Description of soil,
823 Strata changes within sample,
8.2.4 Sampler penetration and recovery

lengths, and
8.2.5 Number of blows per 6-in. (0 15-m) or

partial increment.

9. Precision and Bias

9.1 Variations in /V-valtics of KM) % or more
have been observed when using different stand-
ard (KMieliatioii lesl apparatus and drillers for
adjacent borings in Ihe same soil formation Cur-
rent opinion, based on field experience, indicates
that when using Ihe same apparatus and driller,
,V values in the same soil can be reproduced with
a cocllicicnl of vanalion of about 10 %

92 The use of faulty equipment, such as an
exliemely massive or damaged anvil, a rusty
cathead, a low s|x-cd cathead, an old. oily roj>c.
or massive or pooily Inhiicaleil n>|X' sheaves ran
significantly ton mimic lodilleieiues in V vjlucl
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obtained lielwcen operator-drill rig systems.
9.3 The variability in N-values produced by

dillcrciil dull ligs and operators may be reduced
by measuring that part of the hammer energy

delivered into the drill rods from the sampler and
adjusting N on the basis of comparative energies.
A method lor eneigy measurement and A/-value
adjustment is currently under development.
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DitJgnation: O 422O 63

Standard PractlcM for
PRESERVING AND TRANSPORTING SOIL SAMPLES1

|tf04afd IS IMMd UAdOT Ite I
!•* i ••!••! •ainntinafiw i* ik*•*¥•><>• Of. !• UM CM* ofnirma*. u» yw of ta«
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D 4220; (he muakwr uMMduitly fbilowiu the rtniiimi
a.- —— ,*S1_*« - -' A - *• •- ^K - - - rTa_ —— :_ y.— - .

i UM IMI ravHiaa
UMjfuu aTlMi

These practice* set forth method* for
rving soil samples immediately after they

^obtained ia the field and accompanying
for tmuponiog and handling the

I 2 These practices may include the handling
,,d transporting of soil samples contaminated
,iih hazardous materials and samples subject to

regulations.

2.1 ASTM Standardi:
0420 Recommended Practice for Investi-

gating and Sampling Soil and Rock for
Engineering Purpose*3

D I4S2 Practice for Soil Investigation and
Sampling by Auger Borings*

D 1586 Method for Penetration Test and
Split-Barrel Sampling of Soils'

D 1587 Practice for Thin-Walled Tube Sam-
pling of Soils1

D 2488 Practice for Description and Identifi-
cation of Soils (Visual-Manual Procedure)'

0 3550 Practice for Ring-Lined Barrel Sam-
pling of Soils2

1 Stuunary of Practices
3 I The various methods are given under four

groupings as follows:
3 . 1 . 1 Group A— Samples for which only gen-

eral visual identification is necessary.
312 Group B— Samples for which only wa-

icr content and classification tests, Proctor and
relative density, or profile logging is required,
ud bulk samples that will be remolded or
compacted into specimens for swell pressure,
percent swell, consolidation, permeability,
shear testing, CBR, siabdomeier, etc.

3.1.3 Group C—Intact, naturally formed or
field fabricated, sample* for density determi-
nations; or for swell pressure, percent swell,
consolidation, permeability tilling, and thrsr
testing with or without stress strain and volu :nc
change mTatiii'^TTwnta. to include dynamic and
cyclic letting.

3.1.4 Group D—Sample* that are fragile or
highly sensitive for which tests in Group C are
required.

3.2 The methods) to be used should be in-
cluded in the project specification* or defined
by the designated responsible person.

4.1 Use of the various methods in these prac-
tices is dependent on the type of samples ob-
tained, the type of testing and engineering
properties required, the fragility and sensitivity
of the soil, and the climatic conditions. In all
cases, the primary purpose is to preserve the
desired inherent conditions.

4.2 The methods presented in these practice!
were primarily developed for soil samples that
arc to be tested for engineering properties, how-
ever, they may be applicable for samples of soil
and other materials obtained for other pur-
poses.

S. Apparatus
5.1 The type of materials and containers

needed depend upon the conditions and re-

1 That practices in under the juntdicuoa of ASTM Com-
muter D-11 oo Sal mod Rack Md tn the direct rapauiMity
of Subcom«ine« Dl IOJ on Stapko* tad RdMcd Fidd Taoa«
for Soil InvaOfMKwt.

Cunrni edition improved J«a 21. 1913 PuMubed Much
1983

1 Annual Book of ASTM Standards. Vol 04 0»
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auirenients listed under (he four groupings A S.I IS Idenlifu anon Material I rm includes,
10 U in Section 3 and also on the climate and the necessary writing pens, lags, and labels to

properly identify the samplc(s)
transporting mode and distance

5 1 . 1 Sealing Wax, includes microcryslallinc
wax, paraffin, beeswax, ceresine, carnaubawax,
or combinaliuns thereof

512 Metal Disks, about Vit, in (2 mm) thick
and having a diameter slightly less than the
inside diameter of the tube, liner, or ring and
lo be used in union with wax or caps and Upe,
or both

5.1.3 Wood Disks, prewaxed, 1 in (25 mm)
ihick, and having a diameter slightly less than
the inside diameter of the liner or lube.

5 1.4 Tape, either waterproof plastic, adhe-
sive friction, or duel tape.

515 Cheesecloth, to be used in union with
wax in alternate layers.

5.1.6 Caps, either plastic, rubber, or metal,
to be placed over the ends of thin-walled tubes,
linen,, and rungs, in union with tape or wax.

517 Packers, used to seal the ends of sam-
ples within thin-walled tubes.

Norn I - Plastic expandable pickers ire pre-
ferred Meul expandable packers seal equally well,
however, long urm storage may cause eolation
problems

5 1.8 Jars, wide mouthed, with rubber-
ringed lids or lids lined with a coaled paper
seal and of a size lo comfortably receive the
sample, commonly Vt pi (250 mL), I pi (500
mL), and quart sued (1000 ml.).

5 1.9 Bag, either plastic, burlap with liner,
burlap, or cloth type.

5.1.10 Packing -Material to protect against
vibration and shock.

5 1 1 1 Insulation, either granule (bead),
sheet, or foam type, lo resist temperature
change of soil or to prevent freezing.

5.1.12 Sample Cube Boxes, for transporting
cube (block) samples and constructed with to
to *i-in (13 to 19 ran) thick plywood (Marine
type)

5.1 13 Cylindrical Sample Containers, some-
what larger in dimension than the thin walled
lube or liner samples, such as cylindrical frozen
food cartons

51 .14 Shipping Containers, either box or cy-
lindrical type and of proper construction to
protect against vibration, shock, and the ele-
ments. 10 ihe degree required

N O I L 2 1 he lengih, giilh, and weight restrictions
t»r conimciuttl Imiupoiuiion must be considered

6. Precautions
6 I PrcwrvinK and lian

mm' involve contact with hazardous maifnuh.
opt'rulion*. and equipment It n the re\pc<mtbiln\
i>j whoever mci this standard to consult ami
r\laMt\h ai>i>n>i>fiutf Mjcly and health practices
and in determine the applicability oj regulatory
limitations prior in uvc

6.2 Special instruction!,, descriptions, and
marking of containers must accompany any
sample that may include radioactive chemical,
toxic, or other contaminant material

6.3 Interstate transportation containment,
storage, and disposal of soil samples obtained
from certain areas within the United Slates and
the transportation of foreign soils into w
through the United Stales are subject to regu-
lations established by the U. S. Dept. of Agri-
culture, Animal and Plant Health Service, Plant
Protection, and Quarantine Programs, and pos-
sibly to regulations of other Federal, stale, or
local agencies.

7. Procedure
7.1 All Samples—Properly identify samples

with tags, labels, and markings prior to Iran*
porting them as follows:

7 .1 Job name or number, or both,
7. .2 Sampling date.
7. .3 Sample/boring number and location,
7. .4 Depth or elevation, or both,
7. .5 Sample orientation,
7. .6 Special shipping or laboratory nu

dling instructions, or both, including saropk
orientation, and

71.7 Penetration icsi data, if applicable
7.2 Group A:
721 Transport samples in any type of cat'

lamer by way of any available transport*!*"*
If transported commercially, the container oe»
only meet the minimum requiremenis of •**
transporting agency and any other req""*
menls necessary lo assure against sample I054

73 Group B
7.3.1 These samples shall be preserved *""

transported in sealed, moistureproof &*
tamers All containers shall be of suflio**1

thickness and strength 10 assure against ore**
age The container lypes include plastic ***»

or pails, glass or plastic (provided they are
waterproof) jars, thin-walled tubes, liners, and
rings Cylindrical and cube samples may be
wrapped in suitable plastic film or aluminum
foil, or both, (Note 3) and coaled with several
layers of wax, or sealed in several layers of
cheesecloth and wax.

7.3.2 These samples may be transported by
any available transportation. They may be
shipped as prepared or placed in larger ship-
ping containers, including bags, cardboard or
wooden boxes, or barrels

Nun 3 Some soils may cause boles lo develop
in aluminum foil, due lo corrosion Avoid direct
contact where advene effect* lo sample composition
arc a concern

7.3.3 Plastic Bags- The plastic bags should
be placed as lightly as possible around the
sample, squeezing out as much air as possible.
They shall be 3 mil or thicker lo prevent leak-
«g=

7 3.4 Glass-Plastic Jars- If the jar lids are
not rubber ringed or lined with new waxed
paper seals, the lids must be sealed with wax.

7.3.5 Plastic Pails— If the plastic pail lids are
not air light, they must be sealed with wax.

7.3.6 TTuii- Walled rubes:
7.3.6.1 Expandabl Packers- The preferred

method of sealing sample ends within lubes is
with plastic expandable packers.

7.3.6.2 Wax wiik />u/tt—For short term
Mating, paraffin wax is acceptable. For long-
term sealing (in excess of 3 days), use micro-
crystalline waxes or combine them with up lo
15 % beeswax or rosin for belter adherence to
the wall of the lube and lo reduce shrinkage.
Several thin layers of wax are preferred over
one thick layer. The minimum final thickness
*hall be 04 in. (10mm).

7 3.6.3 End Caps— Metal, rubber, or plastic
end caps should be sealed with upe. For long-
tenn storage (longer than 3 days), they shall
*l*o be dipped in wax, applying two or more
!«yers

7.3.6.4 Cheesecloth and Wax Alternating
'»yers (a minimum of two each) of cheesecloth
*°d wax may be used to seal each end of the
'"be and stabilize the sample.

Nort 4 Where necessary, spacers or appropriate
Peking material, or both, must be placed prior lo
r*lu>8 Ibe lube endi to provide the proper confine-

7'3.7 Liners and Rn
7 17.1 Refer lo 7 .3. 3 or 7.3.64
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7.3.8 Exposed Samples:
7 3 8 1 Cylindrical. Cubical, or Other Sam

pies Wrapped in Plastic, such u polyethylene
and polypropylene or foil should be further
protected with a minimum of three coats of
wax.

7 3 8 2 Cylindrical and Cube Samples
Wrapped in Cheesecloth and Wax, shall be
sealed with a minimum of three layers of each,
placed alternately.

7.3.8.3 Canon Samples (frozen Food Car-
Ions) - Samples placed in these containers must
be situated so that wax can be poured com-
pletely around the sample. The wax should fill
the void between the sample and container
wall. Generally, the samples should be wrapped
in plastn or foil before being surrounded with
wax.

7.4 Group C:
7.4.1 These samples must be preserved and

sealed in containers as covered under 7.3. In
addition, they must be protected against vibra-
tion and shock and protected from extreme
heal or cold.

7.4.2 Samples transported by the sampling
or testing agency personnel on automobile and
truck cab sea s need only be placed in card-
board boxes • r similar containers into which
the sealed san.ples Hi snugly preventing bump-
ing, rolling, dropping, etc.

7.4.3 For all other methods of transporting
samples, including bus, parcel service*, truck,
boat, air. etc., it will be necessary lo place the
sealed samples in wood, metal, or other type of
suitable shipping containers that provide cush-
ioning or insulation, or both, for each sample
and container. Transporting by any agency
whose handling of containers is suspect shall
be avoided.

7.4.4 The cushioning material (sawdust, rub-
ber, polystyrene, urethane foam, or material
with similar resiliency) should completely en-
case each sample. The cushioning between the
samples and walls of the shipping containers
should have a minimum thickness of I in. (25
mm). A minimum thickness of 2 in (50 mm)
shall be provided on the container floor.

7.4.5 When necessary, the samples should
be shipped in ihe same position in which Ihey
were sampled Otherwise, special conditions
shall be provided such as freezing, controlled
drainage, or sufficient confinement, or a com-
bination thereof, of the soil.

75 Group D:
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7.5 I The requirements of 74 must be met,
plus the following

7 5 1 1 Samples should be handled in the
same orienlalion iu which ihey were sampled,
including during transportation or shipping,
with appropriate markings on the shipping con-
tain e».

7 5 1 2 For all modes of private or commer-
cial transportation, the loading, transporting,
and unloading of the shipment containers
should be supervised as much as possible by a
qualified person.

Norn 5—A cjiuulicd pcnuo may be an cDgineei.
gcologui, toil jocnliu, xxU Kiriinkisn. or responsible
pcnon designated by tbc project manager

7.6 Skipping Conlainert Sec Figs. I to 6 for
typical containers.

7.6.1 The following features should be in-
cluded in the design of the shipping container
for Groups C and D

7 6 1 . 1 It should be rcuseable,
7.6.1.2 It should be constructed so that the

samples can be maintained, at all tunes, in the
same position as when sampled or packed, or
both,

7.6.1.3 It should include sufficient packing
material to cushion or isolate, or both, the tubes
from the advene effects of vibrauon and shock,
and

7.6.1.4 It should include sufficient insulating
material to prevent freezing, sublimation, and
thawing, or undesirable temperature changes.

762 Wood Skipping Containers:
7.6.2.1 Wood is preferred over metal. Out-

door (Marine) plywood having a thickness of
Vi to Yt in. (13 to 19 mm) may be used. The top
(cover) should be hinged and latched or fas-
tened with screws.

7.6.2.2 The cushioning requirements are
given under 7.4.4.

7.6.2.3 For protection against freezing or ex-
treme temperature variation, the entire ship-
ping container should be lined with a
insulation thickness of 2 in. ($0 mm).
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7 63 Metal Shipping Containers:
7 6 3 1 The metal shipping containers must

incorporate cushioning and insulation material
to minimum thicknesses covered under 7 6 2 ,
although slightly gieater thicknesses would be
appropriate Alternatively, the cushion effect
could be achieved with a spring suspension
system or any other means that would provide
similar protection.

7.6 4 Slyrene Shipping Containers:
7 6 4 1 Bulk Slyrene. with slots cut to the

dimensions of the sample lube or liner. A pro-
tective ouler box of plywood or reinforced card-
board is recommended

7.6.5 Otker Containers:
765 .1 Containers constructed with lami-

nated fibcrboard, plastic, or reinforced cardboard
ouler walU, and properly lined, may also be used

8. Report

8 I The data obtained in the Held shall be
recorded and shall include the following:

8. .1 Job name ur number, or both,
8. .2 Sampling Jate<«),

.3 Sample/boring numbers) and loca-
tion! s),

8. .4 Depth(i) or elevation(s), or both,
8. .5 Sample orientation,

O 4220

8
8
8.

nccr
8.
8.

.6 Ground water observation, if any,

.7 Method of sampling and penetratio
test data, if applicable,

8 Sampk dimensions,
.9 Soil description (see Practice D 2488),
.10 Names of technician/crewman, enp-
projcct chief, etc.,
.11 Weather conditions, and
.12 General remarks.

9. Predate* and Accuracy
9.1 These practices provide qualitative and

general information only, therefore a precis**
and accuracy statement is not applicable.

Top & bottom must be serened
into place (top may be hinged
and latched).

4" (10? mm) Dia. Hole
M holes each, top I
button dividers)

\/2" (13 mn) Dia. Hope
H a n d l e (one t h i s side
t one opposite side)

Minimum of 7 nai ls .n
each long edge (preferably
also glued with waterproof
glue)

padding
'" (102 mm) of urethane foam
(or equivalent) in the bottom
of the box. 1" (25 mn) around
the tubes and on top.

M a t e r i a l
3/4" 7T9 mm) t h i c k plywood
(exterior grade)

31"
[89 am)
rypcenter
>f hole tc
:dge of
ivlder

10"

18"
(4b7 ran)

10"
(254

FIG. I SMfffaf ••• far M. (?*•») lth-W»IM Tut*.
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I,,UI v.ilvc, It) control fluid How, in all three
a variable sizes and the addition of a sludge barrel,
lo culi li heavy tunings, on the- two larger sizes.
I lir Luge-diameter design double tube, swivel-
lype, core barrels aie available in three core per
hole sizes as follows. 2'/4 in. (69.85 mm) by 3'/i
in (9H.4.3 mm), 4 in. (101.6 mm) by 5'/i in.
(I )9.7 mm), and 6 in (152.4 mm ) by 7V4 in.
( I96.X5 mm) Their use is generally reserved for
very detailed investigative work or where other
methods do not yield adequate recovery.

416 Double Tube. Swivel-Type, Retrievable
Inner lube Method, in which the core-laden in-
ner-lulx; assembly is retrieved to the surface and
an empty inner-lube assembly returned to the
lace ol the borehole through the matching, large-
IKIIC dull lods without need for withdrawal and
replacement of the drill rods in the borehole. The
inner-tube assembly consists of an inner lube
with icmovable core lifter case and core lifter at
one end and a removable inner-lube head, swivel
beating, Susi>ension adjustment, and latching de-
vice with release mechanism on the opposite end.
Hie inner-lube latching device locks into a com-
plementary recess in the wall of the outer tube
such that the outer tube may be rotated without
causing rolalion of the inner tube and such that
the latch may be actuated and the inner-lube
assembly transported by appropriate surface con-
trol. The outer tube is threaded for the matching,
large-bore drill rod and internally configured to
receive the inner-tube latching device at one end
and thieaded for a reaming shell and bit, or bit
only, at the other end.

4.4 LoiiKiludinally Spill Inner Tubes—As op-
|M>sed to conventional cylindrical inner lubes,
allow inspection of, and access lo, the core by
simply removing one of the two halves. They are
not standardized but are available for most core
barrels including many of the retrievable inner-
tube ty|)es.

4.5 Core Hits—Core bits shall be surface set
with diamonds, impregnated wilh small diamond
panicles, inserted wilh tungsten carbide slugs, or
strips, hard-laced with various hard surfacing
materials or furnished in saw-tooth form, all as
appropriate to the formation being cored and
with concui fence ol the geologist or engineer. Bit
matin material, crown shape, water-way type,
location and number of water ways, diamond
si/c anil caral weight, and hit lacing materials
sliall Ix- lor grneial pui|>ose use unless otherwise

approved by the geologist or engineer. Nominal
size of some bits arc shown in Table I.

Noil I— Si/c designation (Idler symbols) used
throughout Ihc leu and in tables I. 2. and 3 are those
slandardi/ed by the Diamond Coic Dull Manufactur-
ers' Assoc (OCDMA) Inch dimensions in the tables
have been rounded lo Ihc nearest hundredth of an inch.

4.6 Reaming Shells, shall be surface set with
diamonds, mipiegnaled wilh small diamond par-
ticles, inserted with tungslcn carbide strips or
slugs, hard faced with various types of hard sur-
facing materials, or furnished blank, all as appro-
priate lo the formation being cored.

4.7 Corf Lifters—Core lifters of the split ring
type, either plain or hard-faced, shall be furnished
and maintained, along with core-lifter cases or
inner-tube extensions or inner-lube shoes, in
good condition. Basket or linger type lifters, to-
gether with any necessary adapters, shall be OD
the job and available for use wilh each core band
if so directed by the geologist or engineer.

4.8 Casings
4.8 I Drive I'tpe or Drive Casing, shall be

standard weight (schedule 40), extra-heavy
(schedule 80), double extra-heavy (schedule 160)
pipe or W-design flush-joint casing as required
by the nature of the overburden or the placement
method. Drive pipe or W-design casing shall be
of sufficient diameter lo pass the largest core
barrel lo be used, and it shall be driven to bed
rock or to firm seating at an elevation below
water-sensitive formation. A hardened drive shoe
is lo be used as a culling edge and thread protec-
tion device on the bottom of the drive pipe or
casing. The drive shoe inside diameter shall be
large enough to pass the tools intended for use,
and the shoe and pipe or casing shall be free iron
burrs or obstructions.

4.8.2 Casing—When necessary to cax
through formations already penetrated by the
borehole or when no drive casing has been id.
auxiliary casing shall be provided to fit inside the
borehole lo allow use of the next smaller on
barrel Standard sizes of telescoping casing ire
shown in Table 2 Casing bits have an obstruction
in their interior and will not pass the next smaller
casing size. Use a casing shoe if additional Ida
coping is anticipated

483 Casing Liner—Plastic pipe or sheet-
metal pipe may he used lo line an existing larp-
diameter casing I meis, so used, should nut be
driven, and care should be taken to maintain true

alignment Ihioughout the length of the liner.
4.8.4 Hollow Stem Auger—Hollow stem au-

ger may be used as casing for coring.
4.9 Drill Rods-
491 Drill Rods nj tubular Slecl ConMniilum

are normally used lo transmit feed, rotation, and
retraction forces from the drilling machine to the
core barrel Drill-rod si/es that are presently
sundaidizcd are shown in Table 3.

4.9.2 Large bore drill rods used with retrieva-
ble inner-lube core barrels are not standardized.
Drill rods used with retrievable inner-tube core
barrels should be those manufactured by the
core-barrel manufacturer specifically for the core
barrel.

4.9.3 Composite Drill Rods are specifically
constructed lioin two or more materials intended
lo provide specific properties such as light weight
or electrical nonconduclivily

4.9.4 Nonmagnetic Drill Rods are manufac-
tured of mmfcrrous materials such as aluminum
or brass and are used primarily for hole survey
work Some nonmagnetic rods have left-hand
threads in oider lo further their value in survey
work. No standard exists for nonmagnetic nxls

4 II) Auxiliary l:Qini»nent, shall be furnished
as required by the work and shall include: roller
rock bits, drag bits, chopping bits, boulder bust-
ers, fishtail bits, pipe wrenches, core barrel
wrenches, lubrication equipment, core boxes,
and maiking devices Other recommended
equipment includes: core splitter, rod wicking,
pump-out tools or extruders, and hand sieve or
strainer

5. transportation and Storage of Cure Con-
tainers

51 Cure floiri. shall IK constructed of wood
or other duiable material for the protection and
storage of coics while enroule from the drill site
lo the laboratory or other processing point. All
core boxes shall be provided wilh longitudinal
Kpaialors and recovered cores shall be laid out
as a book would read, from left to right and lop
lo bottom, within the longitudinal separators
Spacer blocks or plugs shall be marked and in-
rrtftl into the coie column within the separators
lo indicate the beginning of each coring run. The
beginning point of storage in each core box is the
upper left-hand corner The upper lefl-hand cor-
ner ol a hinged core box is the left coiner when
(he hinge is on the far side of Ihc box and the
bun is liglil side up All hinged core boxes must
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be permanently marked on the outside lo indi-
cate the lop and the bottom. All other core boxes
must be peimanenlly marked on ihe outside lo
indicate the lop and Ihe bottom and additionally,
must be permanently marked internally lo indi-
cate the upper-left coiner of the bottom wilh the
letters Ul. or a splotch of red paint nol less than
I in.2. Lid or cover filling(s) lor coic boxes must
be of such quality as lo ensure against mix up of
Ihe core in Ihe event of impact or upsetting of
the core box during transportation

5.2 I ransportation of cores from ihe dull site
to Ihc laboratory or other processing point shall
be in durable core boxes so padded or suspended
as to be isolated from shock or impact transmit
led lo ihe transporter by lough terrain Of careless
opera i ion

5.3 Storage of coies. alter initial testing or
ins|>cciion at the laboiatory or other processing
point, may be in cardboard or similar less cosily
boxes provided all layout and maiking require-
ments as specified in 5 I aie followed. Additional
spacer blocks or plugs shall be added if necessary
al time of storage to explain missing core Cores
shall IK- stored loi a p- nod of lime specified by
the engineer but should nol normally be dis-
carded prior lo completion of the project for
which they were taken.

6. Procedure
6.1 Use core-drilling pr(Kcduics when for-

mations are encountered thai are loo hard to be
sampled by soil-sampling methods A l-in ( 2 5 4 -
mm) or less penetration for 50 blows in accoid-
ance with Method I) I 586 or other criteria estab-
lished by the geologist or engineer, shall indicate
that soil-sampling methods are not applicable

6.1 I Seat the casing on bedrock or in a linn
formation lo pievenl laveling of Ihc borehole
and lo pievenl loss of drilling fluid level Ihe
surface of Ihc lock 01 hard formation al Ihe
bottom of ihe casing when necessary using Ihe
appropriate bits. Casing may be omitted if the
borehole will stand open without the casing

6 I 2 Begin Ihc core drilling using an N-size
double-lube swivel-type core barrel or other size
or type approved by the engineer Continue core
drilling until core hlmkage occurs or until Ihc
net length of the core barrel has been drilled in
Remove the core bane) from Ihe hole and disas-
semble it as necessary lo leniovc the coic Keas-
semhle Ihe coie barrel and return it lo Ihe hole
Resume conng



(i I i Place the recovered cine in the core box
wi th the upjx-r (suilacc) end of the cure at the
UPIXT Ifll coinei of the coie box as described in
SI Cont inue lx)xing cuie with appiuprtale
nun kings, spaceis, and blocks as described in 51.
Wrap soil or Inable cures or those which change
malenally upon drying in plastic 111 in or seal in
wax, 01 both, when such licalmcnl is required by
the engineer Use spacer blocks or slugs properly
marked to indicate any noticeable gap in re-
covered coie which might indicate a change or
void in the lormalion In liacture, bedded, or
jointed pieces ol core together as they naluiully
OCCUI led

6.1.4 Slop the coie dulling when soil malc-
i uils aie encountered that produce less than 50 %
lecoveiy. II necessary, secure samples ol sod
materials in accoidance with the procedures de-
scnbed in Method I) 1586, Practice I) 1587, or
I'luclue D 3.550, 01 by any other method accept-
able in the geologist or engineer Resume dia-
mond core drilling when refusal materials as
described in 6.1 are again encountered.

62 .Subsurface structure, including the dip of
s t ra ta , the occurrence ol seams, fissures, cavities,
and bioken areas are a.nong the most important
items to be detected and described Take special
care to obtain and record information about
these Icaluics II conditions prevent the contin-
ued advance of the core drilling, the hole should
IK cemented and rednlled, 01 reamed and cased,
or cased and advanced with the next smaller-siie
cure barrel, as lequired by the geologist or engi-
neer

6.3 Dulling mini or gioulmg techniques must
IK- approved by the geologist or engineer prior to
their use in the borehole.

64 i.'iHiipalibiliiy oj ^quipim-nl:
64 I Whenever possible, coie barrels and drill

rods should be selected from the same lelter-si/e
designation to ensure maximum elliciency. See
tables I and V

642 Never use a combination ol pump, drill
rod, and coie banel that yields a clear-waler up-
hole velocity of less than 120 ft/mm

d.4.3 Never use a combination ol air cnin-
piessor, drill rod, and core barrel that yields a
ilcar-air up-hole velocity of less than 1000 ft/
mm

7 H O I I I I K I «K

? I I he billing log shall include the following:
1 I I Pinjc'ii idcntihcjiion, bonng ni.imlx.-r,
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location, dale boirng licgan, dale boring com-
pleted, and driller's name

7.1.2 blevalion ol Ihe ground suilacc
713 I levalion of or depth lo ground wala

and raising or lowenng of level including UK
dales and Ihe limes measured.

7 1.4 I levations or depths at which drilling
Dord leluin was lost

7 . 1 . 5 Si/e, lyi>c, and design of coie barrel used
Si/e, lype, and set of core bil and reaming shell
used Size, lypc, and length of all casing used
Description of any movements of Ihe casing

7 I 6 Length of each core run and the length
01 ixMCcntagc. or both, ol ihe coie recovered

7.1.7 (icologist's 01 engineer's description of
the formation recovered in each run.

7.1 8 Diiller's dcscnplion. if no engineer o<
geologist is present, of Ihe lormalion recovered
in each run

7 I 9 Subsuilace structure description, includ-
ing dip of strata and loinling. cavities, fissures,
and any other observations made by Ihe geologist
or engineer that could yield information regard-
ing Ihe lormalion

7 I 10 Depth, thickness, and appaient nature
of the filling ol each cavity or soil seam encoun-
tered, including opinions gained horn the feel or
appearance of Ihe inside of the inner tube when
core is lost Record opinions as such

7.1 .11 Any change in the character of the
drilling fluid or drilling Iliad return

7.1.12 Tidal and current information when
the borehole is sullicienlly close to a body of
water lo be affected.

7 . 1 . 1 3 Drilling time in minutes per fool and
bit pressure in pound-lorce per square inch gage
when applicable.

7.1 14 Notations of character of drilling, that
is, soil, slow, easy, smoolh, etc.

8. Precision mid Accuracy

81 Ihis practice does not produce numerical
data; therefore, a precision and accuracy stale
mcnl is not applicable

Noir ? Inclusion ol the following tables and use
ol letter symbols in the foregoing text is not intended
lo limn the practice lo use of IX DMA tools Ihe tabk
and Icxl refeicmes are included as a convenience to
Ihe usci sinrr the vasl majority of tools in use do men
IX DM A dimensional standards Similar equipment ol
approximately equal s i /e on the metric standard sysicra
is acvcjuahle unlev. o'l"-j\vise stipulated by the erigmeti
01 geologist
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IABI .K I ( ore HilSlici

lion

K W
tw
AW
BW
NW
IIW
PW
sw
I IW
/w

Sue Dcsig
lion

KW
I W
AW
BW
NW
IIW

Outside Dumeler
Sue Designation — - - — —

KWI
i-:wr
KWCi. EWM
AW|
AWI,. AWM
BWl
BWG. BWM
NWT
NWCi. NWM
.'!• x lit
IIWI
MWf,.
4 x 5'/,
6 x 7V.

Outside Dumcler

in

1 144
1 81
225
288
)50
450
550
663
76)
86)

mm

365
460
57 1
7)0
889

114 )
1)9 7
168 2
19)6
2190

Rod and Coupling Oulside Di-
ameter

in

1 09
1 38
1 72
2 1)
26 )

mm

2 7 7
)49
4 )6
5 ) 9
666
889

in mm

16 29 5
47 37 )
47 )7 3
88 476
88 476

2 35 59 5
2 )5 59 5
297 75)
297 75 )
)84 975
3 89 98 8
) 89 98 8
544 1)80
766 1944

IABI K 2 t .Oi>B SI/>,

Intidc Diameter
- _

III mm

119 )0 1

1 50 38 1
191 484
2 38 60 3
300 762
4 IK) 101 6
500 1270
600 1524
700 1778
800 2032

1 ABl.t 3 Drill Kudl

Rod Inside Diamclcr

in mm

0 7 2 1 8 2
1 00 25 4
1 34 34 1
1 75 444
225 571
306 77 7

Inside Dumclel

in mm

(i m 18 /
0 *W5 22 *t
0845 214
1 281 ): 5
1 185 WO
1 750 44 5
1655 420
2 313 58 7
2155 5 4 7
2 69 68 3
i I u 7 HJJ g

) 000 76 2
397 1008
597 1516

———— ——— _ ——— . . . —— . — . ——

,. Will In 1 Me Dulled vMih1 hiead} iff in ,- D r1 ( ore Bil Size

5 l;WI. tW(i fcWM
4 AWI. A WC, AWM
4 BWI.BWCi. BWM
4 NWl.NWr,;. NWM
4 IIWI HW(,
4 4 x 5'/,
3 6 x 7V.
3 6 x 7V.
2
2

Coupling Bore, threads

in nun [xi in

041 10) 4
044 III 3
063 158 3
075 190 )
1 38 34 9 3
2 38 60 3 )

I ht' Ann-i n nn .Sit u-t\ lor I eating and Mult'nuli iukt'i nc /'"*"""' '«'»/'«"< ''"X ''"' vuftdit\' of any imieni n^hh a\\ened in ^^>nne\ mm
miH any item mtntioned in thn \tundurd Utrn of ihi* \mndtird ate etftr fitly adtned thai dfifimtnaiit>n of ihr validity qj any nick
faitnt nghn. and the rnk uj infringement oj such riht*, art entirei* \mntir ate etftr fitly adtned thai df

t nghn. and the rnk uj infringement oj such right*, art entirely their own responsibility

I ht\ \titndatd n \nhn\t it i n'H \it>n m nn\- It mi1 hy the n'\fHin\il'lt- ift hnn ul t untnuitft' unii mint />*• n-vi<'*t'J I'M fry f i v e }fitii anj
(j ntrt ri'vnfj t'lihtr H'upp'i'vt'd or nilhJmwn )om mmmfnti an- incited ftthi'' lot revtMtm o! thn iiandarJ or f<# addtliutiai
»andard\ and \htnild be addressed to ASIM //tWt/uurfVM Your n<mment\ ml/ n\rive ajft/nf i«n\tJt'taiitm at a mreiing of iHe
tr\p<>n \iblf it'i him til t tnnmiiit't'. nhu h yon n\ay attend If ytni fei'l that n>ur t or .'nenn have not rt't rived a fair Hearing put*
make your vte»t kno»n to the ASIM ( 'ommitiee on Standard^. 1916 Race St . t 'htladtlpnia. fa



D 4220 D4220

V

(a) 55-gallon (0.21 • ) oil barrels
with sections of styrofoaa insula-
tion; welded handles on each side.

brim Spunge Rubber
1" (2bmm) Lop and all side
surfaces, or, 2\~ (64 nn)
insulat ion.

16 Gauge Galvanized Sieel
1" « If U!> mm x 38 mm)

3/4" (19 nm) Bindiny bud

(76 mro) foam rubber over base, or
P (?S mm) foam rubber and ?l" (64 Bin)
insulation over base.

B« far Lten (Skart 1 nke| •>

(b) Same as (a) showing barrel ready
for shipment. Steel lids bolted
on to provide tight seal.

Noit Two IB (51 aim) of fouinibbcr coven 2 \m of uyrofounu Uw but Ooc m 25 auo)atfatm rabbet uvciliyi
the lop of ike lube*, tad Ike ff«li»in| iptoe la Ike lid it filled wilk uyiofoud.

FIG. 4 SM»cfc«»mlfacnh>W«MT«k*«
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(a) Pholoof Open Box For 5" (127 mm) Tubes
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(b) Top View

40" (101* mm)

)7 [940 mm|

(c) t lonl View
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Side View

No it Top and buiiom halves arc identical
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A TOP VIEW
(MdofMn)
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No

I

1 1
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B FROMTVIEW

DcacnplHM of llcm
4 ft by I ft by V. u.

(1220 am by 2440 u. by
19 I mm) ulcnar. Grade AC

H*f*. anp. 4 u (102 maa\
kwvy duly wiik tcrcwi

H«T. hiagBd, 4H in (1 14 mm),
wiifctcmn

Scnw. Went, S/«t( nuk«4
No. 10 by IV. in (44 ) n»)

Boll. Hmck**. H in (« S na>>.
vilk >ut la tecure hopi

M'aaWr. (Ul. » u. (93 u)
£>* »o*. H by 2 i- (64 au» by

i I Bun), aac-ptued. wiik nut
IfiutB-. Ou. K u>. (64 u). foe

kwpboll
5 M*<4*, 2 u (il ou.». open,

boic, tiecl,

F1C. J

4jfj) D 4220

C SIDE VIEW

•II-I

Quantji

moTooHAfM or cut* »o«
OF MATr'JUALS ———————————"————————

lum
ly Ho. DcatnpUon of ILCJB

13 Kept. mylo*. H-in (12.7mm) 5 A
diameter, aolid bfaided (1524 ma

14 CintlMtef UMtrtml. cipanded 10 ft'
polyetyreac loam (0 21 m*l

Nom <a) All woode* oompoaeau cu be iaw«d
fiom oae ihnrl of plywood.

(b) Tku ihippi>| bo> will aotommodau >p
pniiimilrly three 3-w (7»-mm) diame
tcr rubea or two 3 ID (127-mm)
rubef up to M in (742 mm) L
Fur loafer lube* Ibe JMiffr h<n§hl of tke
boi mud be a ———— of i-lau (132
ma) gnaiei ikaa Ike lempk of Ik* lube

(c) All jciau lo be glued a**1 faMMwd WUA

(d) Suaol •!! udm u followi (S«e Vwwi 1
udC)
UP PROTECT I-ROM KREEZINO

(c) AActr iwiMftWiKiU ••••pin M JMitntnl
above, all void m«oi miM be OIM wlU
• Huubte millMl p*duu meMfial

• Mr Tkm-WOed T

724
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jdditional layers of cheese
cioth and warm rubbed wax
are required to seal
the sample.

One thickness of cheese cloth
Is placed against soil. fo11o*<
by an application of warm wax,
rubbed by hand.

A. METHOD FOR SEALING HAND-CUT UNDISTURBED SAMPLES

Fill space between sealed
sample and box with moist
sawdust packed to support
sample.

B. ENCASE EASILY DISTURBED SAMPLES IN BOX PRIOR TO CUTTING

Box constructed wi th l/2"-3/4" ( 1 3 - 1 9 mm) exterior plywood.
nc *

TIM Ammet* Saetny f*r Ttattf m* MfUhatt ult4t no fmtuom rttftcimf ikt vtbjmy of any ftumt r,f,
coivucnom Mult *»y Him mmiwmiJ* itti umtmi. limn oflku •«•<• J m t txfnuly •rfrtWJUf J*tn nMMKiiii
afa>yB*:kr*u»inftiu.»*aMrt*iftjr*pm»M<>(mcitr4lliu,inm**yU>n»*m

7>u arntivi it mtftti le rmno* m my tot tr l*t n^oialbltucluuctl commnu* md urnta tt mtrattmryflM jnf>
i<f*aima*.tak*,n^fnrf4«»**+v~t. Ynr eamKimt ** m*ujM*rftt ,,,iitt» •/tttU nm4miarf*it4t**f
»tar4t m* ilM»U* ttttHtJ* ASTM Hiftfunmj. ffir rmirnnfr rrO r»r«fn i«r<M t»n*4m»<li* m i mtataf eft-

,.T — __, ———— —— _ — ..
mat, r~r *na la*** t» (*• ASTM d 1916 Hoc* St.

728
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Designation. 0 2113 83

Standard Practice for
DIAMOND CORE DRILLING FOR SITE INVESTIGATION1

Tim slaml.ml is issunl umli i llir lunl .li sî n.itinii l> } I H. the nuinlxrr ininirdidlrly ftillnwiiiK the ilrsignalion imlu airs Tin v.n ,>l
original Jilnjihon in m Ihr i jsr nl IP visum, ihr yi-ai ul last if vision A niimhci in parfnlhrsrs indicates the ycjr ol last (e.i|'pii".il
A supeist npl cpsiUm (. I imlu .ilrs ;in rtliloiial ihaiigr SHUT Ihr lasl 11-vision or reappinval

I. Scope
1 I 'I Ins pract ice drsinbcs equipment and

piiKcilufes loi diamond coic drilling lo scenic
core samples ol roc k .nul some soils lli.il arc loo
haid lo sample hy soil sampling methods I his
method is described in Ihr context of obtaining
ctola lor foundation design and geolrchnical en-
ginecnng purposes ralhci lha for mineral and
mining exploration

I. Applicable Documents

2 I AS'l M Siamiani\
I) I 5X6 Method lor Penelral'on lest and Split-

Bariel Sampling of Soils2

1)1587 Trainee for Ihm-Wjlled lube Sam-
pling of Soils'

I).1550 Practice for King I ined Bariel Sam-
pling of Soils2

) Significance und llsv
) I I Ins practice is used lo obtain coie s[H'< i

mcns ol su|K'rior (|uality that reflect the in situ
conditions ol the malcnal and slim [me and
»hich are suitable lor standard physical proper-
lies tests and structural-integrity delfiminalion

4. Apparatus

4 I Drilling Miuhi'U'. capable ol piovicltng 10
lation, feed, and retraction by hydraulic or me-
chanical means to the drill lods

42 l-'hiiil I'lini/i or Air ('ani/irc^nr. capable
ol delivering sullicienl volume and pressure lor
the diameter and depth of hole to be drilled

4 1 ('ore barrels as reqlined:
4 .VI Single Iiihe I'vpc, H'(i Iti'Hgn. consist-

ing ol a hollow steel lul>e. with a head at one end
threaded for drill rcxl. and a Ihieaded connection
for a reaming shell and coir hit at the other end
A coir lillci. or lelainer IOCMICI' •Mihm the core

bit is normal, but may be omitted at Ihr discre-
tion <>! the geologist or engineer

4 i..1 Dtnihlt- lulu: .Vivnr/-/ r/'c. "<, />,•
MV/i An assembly of Iwo concrnliK slrrl lubes
joined and supported at Ihr upper end by inc.ins
of a ball or rollci bearing swivel arranged to
permit rotation ol the outer tube without causing
rotation of the inner tube. I he upper end ol (he
outer lube, or removable head, is threaded lor
drill rod. A threaded connection is provided on
the lower end of the outer tube for a reaming
shell and core bit A core lifter located within the
core bit is normal but may be omitted al the
discretion of the geologist or engineer

4 V1 Douhlc lube. Swivrt-1 i/>r. 117' /Via;"
is essentially the same as the double tube, swivel-
type, WG design, except thai the WT design has
thinner lube walls, a reduced annul.n aiea be-
tween the tubes, and lakes a laiger core from the
same diameter boie hole I he core lifter is located
within the core bit

434 Double Tube. .Yiuir/ /i/'f. H'M Ih -\I.I;H.
is similar lo the double tube, swivel-type. W(i
design, except that the inner lube is threaded al
its lower end to receive a core lifter case lli.il
effectively extends the innrr lul>e well into the
core bit. thus minimizing exposure of the core to
Ihr drilling fluid A core lifter is contained wilhin
the core lifler case on the inner tube.

4..1.5 Double lube Swivel I r/'C l.a>f>t'-l>i-
urneler Design, is similar to the double lul>e,
swivel-type, WM design, wilh (he addition ol a

1 this pfailur is under Ihr |urist]u I inn of AS I M ( oininillrr
I) IB nn Suit and Rock and is the dirru responsibility ot
Suhciimniillrr 1)180.' on Sampling and Rrlalnl I if M Tnnn|
for Soil Investigations

(urrrnt edition appiovnl Jtinr ?4 mfH Cuhlishfil August
IVX1 Orifinilly puhhshnlas D2II I M I I «l pirvi.ms nli-
lion IJ2II I 70(1976)

1 innuul H.I..*, >l t <, I M .S/,in,/ii/,A V,,l (H (IK



DMtant .017M-M

Standard Specification for
POLY(VINYL CHLORIDE) (PVC) PLASTIC PIPE, SCHEDULES
40, 80, AND 1201

fliu ninrtirrt 11 imiat under ihf fl»«i1 rtfMjniiinn D 171): the jmber immediately faUowiag ibe dcBfnuioa laduU* the year of
orwail (dopUM or. in the CMC of ICVUHM, the year of IMI ravikaa. A awmnr i» ptraMMM* i«<hcain the yew of IMI reapprovel.
A imcncnpt cpiUoa (.) tadxun u editorial duo* sue* the IMI irvwoe or retail uvit

;*ii ifKificaiion lias been oaprartd far nit by aftncui of irit Dtfanmenl of Dtftrut ami far luitnf in <nt DoD Imttx of

often belled for use a* line pipe For detail* of the
solvent cement betted pipe, ice Speaficauoo D 2672
and for details of betted dastomeric joints, see Specifi-
catioa*O3l39andD32l2.

2. Rtf«twjcc4 DOOMMM*
2.1 ASTM Standards
D6I8 Methods of Conditioning Plastics and

Electrical Insulating Materials for Testing1

DI598 Tea Method for Time-To-Failure of
Plastic Pipe Under Constant Internal Pres-
sure1

DI599 Test Method for Short-Time Hy-
draulic Failure Pressure of Plastic Pipe, Tub-
ing, and Finings'

DI600 Abbreviations of Terms Relating to
Plastics4

DI784 Specification for Rigid Poly(Vinyl
Chloride) (PVQ Compounds and Cluon-
nated Poly(Vinyl Chloride) (CPVC) Com-
pounds1

D2I22 Method of Determining Dimensions
of Thermoplastic Pipe and Finings2

D2I52 Test Method for Degree of Fusion of
Extruded Poly( Vinyl Chloride) Pipe and
Molding Finings by Acetone Immersion2

D2672 Specification for Solvent Cement Joint
Sockets on Belled PVC Pressure Pipe2

I. I This specification coven poly(vinyl chlo-
nde) (PVC) pipe made in Schedule 40, 80, and
120 sizes and pressure-rated for water (see Ap-
pendix). Included are criteria for classifying PVC
plastic pipe materials and PVC plastic pipe, a
system of nomenclature for PVC plastic pipe,
tad requirements and test methods for materials,
workmanship, dimensions, sustained pressure,
bunt pressure, flattening, and extrusion quality.
Methods of marking are also given.

1.2 The values stated in inch-pound units are
to be regarded as the standard. The values given
in parentheses are for information only.

1.3 The following precautionary caveat per-
tains only to the test method portion. Section 7,
of this specification. This standard may involve
Hazardous materials, operations, and equipment.
This standard does not purport to address all of
ihe safely problems associated with its use. It is
the responsibility of the user of this standard to
establish appropriate safety and health practices
and determine the applicability of regulatory limi-
tations prior to use. A specific precautionary
statement is given in Note 6.

NOTE I—CPVC pUitic pipes, Schedules 40 and 80,
which were formerly included in this standard, are now
covered by < pccifkauon F 441, Chlorinated Poly(Vinyl
Chloride) (C PVC) Plastic Pipe. Schedules 40 and M.'

NOTE 2—The sustained and bunt pceawre lea re-
quirements, and the pressure ratings in the Appendu,
ire calculated from meat values obtained from tests
made on pipe 4 in. (100 mm) and smaller. However.
lou conducted on pipe as large as 24 in. (600 mm)
diameter have shown these stress values to be valid for
Urjer diameter PVC pipe.

NOTE 3—PVC pipe made to this specification is

' Tim »ennr«lie« » uader the )urmhcnoo of ASTM Com-
ramcc F-17 as HMDC PipiMj SVMMM aad • iht dutct iopo»-
atabtT of SubooMMMUe FI7 23 OB Viayt MM* Pipe.

"• ' *'•' -rr~Tif"-"."it rntiiiriirv--'-
1914 OrjjiaMlj piiDMhidMD 1715-*0. LMIPICTOMI«oiuo«
DI7U-IJ"

1 Amuul took of ASTM SoiManfa, Vo( M 04
1 Annual took if ASTM SMwknrii. Vol M 01
' Annul took a/ASTM SlMdards. Volt OS 01 ud OS 04
1 Annual look of ASTM Slwdinfc. Volt OS 02 ud Ot 04
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|)J« 17 Method loi () naming llydioslalic IV
sign Basis loi Thermoplaslu Pipe Materials'

I) U 19 Specification for Joints for Plastic Pres-
sure Pipes I'sing flexible I IjstomciK Seals'

I) 1JI2 Specil cation (or Joints for Dram and
Sewer Plavn Pipes Using Hcuble Flasto-
nicnc Seal1

1 •) 12 Definitions of I ernis Kclaling lu Plastic
Piping Systems'

_> 2 federal Standard "
Fed Sld No 12 ) Marking loi Shipment (Civil

Agencies)
2 i Military Standard'1

Mil SI IX129 Marking for Shipment and
Storage

3. I erminolotiy
3.1 Definitions
3 I I General- Definitions are in accordance

with Definitions F412 and abbreviations are in
accordance with Abbreviations D 1600, unless
otherwise indicated The abbreviation for
poly(vmyl chlon,:?) plastic is ''VC

32 Descriptions of Terms Specific lu I his
Standard

ill hydrostatic design stress—the estimated
maximum tensile stress in the wall of the pipe in
the cirruinlerenlial orientation due to internal
hydrostatic water pressure that can be applied
continuously with a high degree of certainly that
failure of the pipe will not occur

.3.1 2 /wtiurr rating (PR\— the estimated
maximum pressure that water in the pipe can
exert continuously with a high degree of certainly
that failurr of the pipe will not incur

313 re/ulinn between dimensions. des-gn
si/vis, and pressure rating the following expres-
sion, commonly known as the ISO equation,' is
used m this specification to relate dimensions,
hydrostatic design stress, and pressure rating:

«'//' - (/>„//) I
whcic
V => hydioslalu design sliess. psi (or MPa),
/' = pressure rating, psi (or MPa),
/'o = average outside diamelei, in (or mm),

and
' - nununal wall thickness, in (or mm)

3 I 4 standard thermoplastic pipe materials
designation code- the pipe materials designation
u>de shall consist of the abbreviation PVC lor
Ilie lyi>e of plastic, followed by the ASIM type

and giade in Arabic numerals and the design
stress in units of UN) psi (07 MPa) with any
decimal figures dropped When the design stress
code contain , Icsk than two figures, a cipher shall
be used beloic the number Thus a complete
material code shall consist of three letters and
loui figures for PVC plastic pipe materials (see
Section 5)

$. MilerUls mad Manufacturer

5 I (ieneral—Poly(viny) chloride) plashes
used to make pipe meeting the requirements of
this specification arc categorized by means of two
criteria, namely, (/) short-term strength tests and
(2) long-term strength tests.

NOTE 4—PVC pipe that is intended fur use in the
transport of potable water should be evaluated lor ihu
purpose by a laboratory recognized by the public health
profession and by the regulatory bodies having jurisdic-
tion Many public health authorities rccognue National
Sanitation Foundation Standard No 14 for Plastic
Piping System Components and Related Materials, ai
• suitable standard to evaluate materials for potable
water service The seal or mark of the laboratory mak-
ing the evaluation should be included in the marking
on pipe that is intended for the transport of poubte
water A laboratory that makes evaluations of pipe for
uanipon of potable water is the National Sanitation
Foundation Testing laboratories, Int, NSF Bid*,, Ann
Arbor, Ml 48106 Names of other retogni/ed labora-
tories will be added when they are brought to the
attention of ASTM.

5.2 Basic Materials—Ihis specification cov-
ers pipe made from PVC plastics having certain
physical and chemical properties as described in
Specification D 1784

5.3 Compound—Ihc PVC compounds used
for this pipe shall equal or exceed the following
classes described in Specification D 1784; PVC
12454 B, 12454-C, or 14333-D

54 RfKiirlc Material—Clean, rework mate-
rial of the same type and grade (cell classifica-
tion), generated from the manufacturer's own
pipe production, may be used by the same man-
ufaclurci, as long as the pipe produced meets all
the requirements of this specification

6. Requirements
ft I Dimensions and iolerances

•AvailaMch.im Njvjl PuMiialmm 4ml I ,,nm ( cnln SMII
I'biir Avc . PhiUik-lpnia. PA I4IJO

' ISOKIOI !%<> Pipes of naumMalriialil.il IIK | ,anl

(•HI off Imdt'" i,,,If [Mimrlri! and Nominal PICUUIO) I'jn
I Mrliu V,

6 I I Dimensions and tolerances shall he as
sh>>wii in Tables I and 2 when measured in
accordance with Method I) 2122 The tolerances
for oul-of-roundness shall apply only to pipe
prior to shipment

62 Sustained Pressure—The pipe shall not
fail, balloon, burst, or weep as defined in lest
Method D 1598, at the tesl pressures given in
Tables 3, 4, or 5 when tested in accordance with
84

62 I Accelerated Regression I'est—Allheop-
non of the manufacturer, an accelerated regres-
sion tesl may be substituted for the sustained
pressure lest. The tesl shall be conducted in
accordance with 84.1. The pipe shall demon-
strate a hydrostatic design basis projection at the
100 000 h intercept that meets the hydrostatic
design basis category requirement (see Table I
and Method D 2837) for the PVC material used
in its manufacture. (Example PVC 1120 pipe
must have a minimum 100 000 h projection of
3830 psi (26 40 MPa) and 85 % lower confidence
limit (1 Cl )

63 Burst Pressure—The minimum burst
pressures for PVC plastic pipe shall be as given
in Table 6, when determined in accordance with
Tesl Method D 1599.

64 Hallening—There shall be no evidence of
splitting, cracking, or breaking when the pipe is
tested in accordance with 8.5.

6.5 t-<drusitm Quality—The pipe shall not
flake or disintegrate when tested in accordance
with Test Method D 2152.

7. Workmanship, Fiaisb, and Appearance
7 I The pipe shall be homogeneous through-

out and free of visible ciacks, holes, foreign in-
clusions, or other defects The pipe shall be as
uniform as commercially practicable in color,
opacity, density, and other physical properties

Non 5—Color and transparency ur npjtiiy should
be specified m Ihc cunltacl or purchase ordci

8. Tesl Methods
8.1 Conditioning—Condition the lest speci-

mens at 73 4 t 3 6'F (23 ± 2V) and 50 ± 5 %
telalive humidity for not less lhan 40 h prior to
lest in accordance with Procedure A of Methods
D6I8, lor those tests where conditioning is re-
quired

K ? lest ( '.ins Conduit lests in the
Slandard I .ilx),( Alinosphcic ol / I 4 1 I fi'F

(2 i 1 2V)and 50 1 5 % relative humidity, unless
otherwise specified in the lest methods 01 m this
specification

8 3 Samplinx—The selection of the sample or
samples of pipe shall be as agreed upon by the
purchaser and seller. In case of no prior agree-
ment, any sample selected by the testing labors
lory shall be deemed adequate.

8 3 I Tesl Specimens—Not less lhan 50 % of
the lest specimens required for any pressure test
shall have at least a part of the marking in their
central sections. The central section is that por-
tion of pipe which is at least one pipe diameter
away from an end closure.

8.4 Sustained Pressure Tesl—Select the test
specimens at random. Tesl individually with wa-
ter at the internal pressures given in Tables 3, 4,
and 5. six specimens of pipe, each specimen at
least ten times the nominal diameter in length,
but not less than 10 in (250 mm) or more than
3 ft (I m) between end closures and bearing the
permanent marking on the pipe. Maintain the
specimens at the pressure indicated for a period
of 1000 h Hold the pressure as closely as possible,
but within ±10 psi (±70 kPa) Condition the
specimens at the lest temperature of 734*F
(23V) to within 3 6'F(±2V) Tesl in accordance
with Test Method D 1598. except maintain the
pressure at the values given in Tables 3, 4, or 5
for 1000 h Failure of one of the six specimens
tested is cause for retest of six additional speci-
mens. Failure of one of the six specimens tested
in retest shall constitute failure in the lest F,n-
dence of fail Jie of the pipe shall be as defined in
Test Method D 1598

841 Accelerated Regression Test lest in
accordance with procedures in Test Method
D I 598. except that rest rained-end fillings may
be employed A minimum of six samples will be
tested at pressures selected to yield data points as
follows

I) IHU iuO(W9 h (16 s to (> nun)
0 10 ID U 999 h (h mm l» I h)
I.00lo9999h
IOOlo9\>s«Wh
UN) lo 100+ h
0 lo HUH h (random poim)

Additional points may be added il necessaiy I"
improve piojeclion or l.CI , 01 both No points
shall be excluded unless an obvious defect is
detected in the failure aiea of the lest sample
Characterise the results using Ihc Icasl squaies
extrapolation described in Method D JX I'



NOTE 6—CaMior Since rupture 01 the lesl specimen
15 eipected in quick burn and hi(h Urea regression
testing, well shielded lesl equipment and protective
personal equipment should be used when conducting
the lots.

8.5 Burst Pressure—Determine the minimum
burst pressure with at least five specimens in
accordance with Test Method D 1599 The lime
of testing of each specimen shall be between 60
and 70 s.

86 Flattening—Flatten three specimens of
the pipe, 2 in. (50 mm) long, between parallel
plates in a suitable press until the distance be-
tween the plates is 40 % of the outside diameter
of the pipe or the walls of the pipe touch, which-
ever occurs first. The rate of loading shall be
uniform and such that the compression is com-
pleted within 2 to 5 mm On removal of the load
examine the specimens for evidence of splitting,
cracking, or breaking.

9. Retesl and Rejection
9.1 If any failure occurs, the materials may be

relesled to establish conformity in accordance
with agreement between the purchaser and the
seller

10. CertiflcilkNi
10.1 The seal of the National Sanitation

Foundation Testing Laboratory, Inc. indicates
that the product is tested under the NSF certifi-
cation program.

10.2 Certification and labeling, by other in-
dependent laboratories, may be accepted if ap-
proved by the code authority having jurisdiction

11. Product Marking
I I.I Quality of Marking—The marking shall

be applied to the pipe in such a manner that it
remains legible (easily read) after installation and
inspection.

D1785

11 2 ( onlent of Marking
11 2.1 Marking on the pipe shall include the

following, spaced at intervals of not more than 5
ft (I 5 m)

112 II Nominal pipe size (for example, 2 in.
(50mm)),

11 .2 .1 .2 Type of plastic pipe material in ac-
cordance with the designation code prescribed in
4.5, for example, PVCI120,

II 2 I 3 Schedule (40. 80. or 120, whichever
is applicable) and the pressure rating in pounds
per square inch (megapascals) for water al 73'F
(23*C) shown as the number followed by psi (for
example, 200 psi (I 4 MPa)) When the indicated
pressure rating is lower than that calculated in
accordance with 3.4 (see Appendix), this shall be
indicated by placing a star after the pressure
rating,

11.2 I 4 ASTM designation D 1785, with
which the pipe complies,

11 2.1.5 Manufacturer's name (or trademark)
and code (sec Note 3), and

11.2.1.6 Pipe intended for the transport of
potable water shall also include the seal or mark
of the laboratory making the evaluation for this
purpose, spaced at intervals specified by the lab-
oratory.

Noit 7—Manufacturers using the seal or mark of a
laboratory must obtain prior authorization from the
laboratory concerned.

NOTE 8—It is common practice to dual mark Sched-
ule 40 piping for potable water and DWV usage in
which compliance with each applicable standard is met.

12. Quality Assurance
12.1 Quality Assurance—When the product

is marked with this designation "ASTM D 1785",
the manufacturer affirms that this product was
inspected, sampled, and tested in accordance
with this specification and has been found to
meet the requirements of this specification.

proves I he purchaser shall have the right to
perform any of the inspections and tests set forth
m this specification where such inspections are
deemed necessary to ensure that material con-
forms to prescribed requirements.

Noit SI —In U.S. Federal contracts, the contractor
)S responsible foi inspection

S2. Packaging and Marking for IIS Govern-
ment Procurement:

S2 I Packaging—Unless otherwise specified
in the contract, the materials shall be packaged
in accordance with the supplier's standard prac-

D1785

lice in a manner ensuring arrival al destination
in satisfactory condition and which will he ac-
ceptable to the earner al lowest rales Containers
and packing shall comply with Uniform Freight
Classification rules or National Motor Freight
Classification rules.

S2.2 Marking—Marking for shipment shall
be in accordance with Fed. Sld. No. 123 for
military agencies.

Noit S2—The inclusion of U S (iovernmenl piî
curcmeni requirements should not be construed as an
indication that the U S Government uses or endorses
the products described in this document

OMiktt DUMcn aW Tokraam for PVC Ptullc Ptne ScMckf «•, M. «•* I M, ta (Ml

Nominal Pipe S.« Outside Diamclci

H
V)
K
1
I'/,
IV,
2
2V,
3
)'/,
4
5
6
I
10
12

Toknocn

hot Maaimum and Minimum Diamctci (Oul-uT
Roundnot)

0405(1029)
0540(1372)
0671(17 14)
0840(21 34)
1050(2667)
1 315(1340)
1640(42 It)
1400(4126)
2 375 (M 32)
2175(7102)
1500(1190)
4000(101.60)
4500(11430)
5563(141 30)
6625(16121)
1625(21901)

10750(27305)
12750(32315)

Average

±0004(10 10)
tO 004 (tO 10)
±0 004 (tO 10)
±0004 (±0 10)
±0004 (±0 10)
±0005 (±01 3)
*0005(±OI3)
±0006 (±01 5)
10 006 (±01 5)
tO 007 (tO II)
tO 001 (tO 20)
±0 001 (±0201
to 009 (tO 23)
tOOIO(t025)
tOOII (tO 21)
±0015 (±0)1)
10 015 (±031)
10 01 5 ItO 11)

Schcduk 40 tua 3'A in
and over. Schedule 10

auea I ID. and over

tOOMIItl 27)
±0.050(1117)
±0050(11 27)
t005O(tl 27)
±0075(1190)
±0075(1190)
±0075(1190)

Schedule 40 iiui ) in
and tern Schedule 10
siza 6 in. and kai.

Scheduk I20iunall
±OOOI (111 20)
±0001(1020)
±0001(1020)
10001(1020)
±0010(1025)
10010(10251
±0012 (±030)
±0012(1030)
±0012(10)0)
±0015(10)1)
±OOI 5(lO M)
±0015(1031)
lO 01 5 (10)1)
±0030 (±076)
±0035 (±019)
±0045(11 14)
±0050(11 27)
±0060(11 52)

(.OVKRNMKNT/MII ITAKY HR(K DHKMKN I

These requirements apply tmly to l-ederal/Mililary procurement, not domestic
sales or transfers.

SI Responsibility for Inspection—Unless
otherwise specified in the contract or purchase
older, the producer is responsible for the per-
formance of all inspection and lest requirements

specified herein. The producer may use his own
or any other suitable facilities for the perform-
ance of the inspection and test requirements
specified herein, unless the purchaser disap-
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I All K 2 Wall rkaraaoan at* Tokraacn fo> PVC Plank Pit*, Seagate) 411, M, aaa1 HO," la (mm}

Niimmftl
Pipe $4je

V,
1
c-4
IV!

2

Vh
t
•>
6
I
10
12

Sche

Minimum

0068(1 7))
00*1(2 24)
0091 (2 3D
0 109(2 77)
0 1 1 3 ( 2 17)
0 1)1(3 381
0 I40() 56)
0 I45( )68)
0 154 (391 )
0 20) (5 16)
0 2 1 6 ( 5 4 9 )
0 2 2 6 ( 5 7 4 )
0 2 ) 7 ( 6 0 2 )
0 2 5 8 ( 6 55)
02(0(7 II)
0 3 2 2 ( 8 18)
0 365(9 27)
0406(10 )l)

duie 40

+0020(t05l) 0
+O020(+O5I) 0
+O020(+O5I) 0
+O020I+05I) 0
+0020(+05I) 0
+0020(+05I) 0
+O020(+05I) 0
+O020(t05l) 0
+O020(tO5l) 0
+0024 (+O 61) 0
+O 026 (+0 66) 0
+0027 (+068) 0
+O02((+O7I) 0
+O 0)1 (+O 79) 0
+O 034 (tO (6) 0
tO 039 (tO 99) 0
+O044(tl 12) 0
+0049(+l 24) 0

Minimum

0 0 9 5 ( 2 4 1 )
0 119(102)
0126(120)
0 I47 ( )71 )
0 1 *4 (391 )
0 1 7 9 ( 4 5 ) 1
0191(415)
0200(501]
0211(554)
0 2 7 6 ( 7 0 1 )
0)00(762)
O)II(IM)
0 1)7(15*)
0 3 7 5 ( 9 5 2 )
04)2(1097)
0500(1270)
0593(1506)
0617 (1745 )

Jl Thickness"1

chcduk HO

Tolerance

+00201+051)
+OOM(+05I)
+0020(+05I)
+O020I+O5I)
+0020(+0 51)
+0021 (+05))
+002)(+O5()
+O024(+O6I)
tO 026 ( +0 66)
+00)31+0 (4)
+OO36(+O9|)
+0 0)8 ( +0 96)
t0040|tl 02)
tO045( + l 14)

) +0052(t l)2)
i| +O 060 HI 52)
) +O07I ( + 1 (0)
) +OO(2( + 2M)

Sthed

Minimum

0 170(4 32)
0 1 7 0 ( 4 3 2 )
0200(501)
0215(546)
0 2 2 5 ( 5 7 2 )
0250(6)5)
0300(762)
0350 (((9)
035O(I(9)
0437(11 10)
0500(1270)
0562(1427)
0718(1(24)
0(43(21 41)
1000(2540)

ule 120

loler.nce

+O020I+O5I)
+O 0201+051)
+O 0241+061)
+0026 (to 66)
+O027(+O6(|
+0010(+O76)
+O016I+O9I)
+00421+1 07)
+00421+107)
tOOS2(t l 32)
+0060|t| 52)
tO 067 (t 1 70)
tOO«6( + 2 18)
+O 101 (t256)
+O 1201 + 305)

' The minimum u I he loom will Ihnkixa. of Ihc pipe al any cron section The muimum pcrmuud nil lluckiKM. >l ani
cross section, u Ihc minimum will Uucknoa plus UK ailed lolennce All l.>terances are on Ihc plus side of die minimum
reuunrmenl

• These dimensions conform lo nominal IPS dimeiuiuni. with Ihc Mccpuon thai Schcduk 120 wall Inkkncn fi» pipe ma Vi uj
)Vi m (12 5 10 87 5 mm), induMvc, arc special PVC plastic pipe sues.

.,.> ) Saulae*) Pmavc lent ataailtoaa tat \Valei al
1 -jj'r (U-Ola. PV( Plank Pipe. ScMll* 4*

' Pmsurt Required for Tesr*

N.xnii"1 PVC II 20
Pipe Si" PVC 1220 PVC 2 116 PVC'2112 PVC 2 110

PVC 2120

in

'A
Vl
'/I
y.
I
I'A

2

J
I'/i
4
i
6
1
10
12

in

,A
'/4

M

V4
y.
i
l'/4

I'/l

2
2 '/,
j
31/,
4
5
6
8
III
12

1690
1640
1)10
12V)
1010
9V)
770
690
5(0
640
590
500
470
410
370
130
300
2(0

II 65
II 31
903
(62
6%
6 55
5 31
476
400
441
407
345
3 24
2(3
2 5 5
2 28
207
193

pu

1300
1310
1050
1000
110
760
620
560
470
510
440
400
370
3)0
100
260
240
120

MPa

9 )(
90)
724
6(9
5 5 8
5 2 4
4 2 7
)(6
)24
352
30)
276
2 55
221
207
1 79
165
1 52

II Ml
1090
(70
(40
6(O
6)0
520
460
390
430
)70
340
310
270
250
220
200
1(0

779
7 5 2
600
579
469
4)4
)59
) 17
269
296
2 5 5
2 34
2 14
1 (6
172
1 52
1 18
1 24

' 1 he fibef stresses used to derive llfeesc lesl
Mluw»

PVC 1120
PVC 1220
PVC 2120
PVC 2116
P V C 2 I I 2
PVC 2110

P"
4200
42OO
4200
3160
2800
23OO

930
900
720
690
550
520
420
3(0
320
350
WO
2(0
260
220
200
1(0
160
150

6 4 1
6 2 1
4%
476
179
) 59
290
262
2 2 1
241
207
9)
79
52
38
24
10

103

pressures are as

MPi

290
290
290
2 ) 2
19 1
1 5 9

D 1785

IABII 4

Nominal
PipeSiu

in

i.
'/4

I/I

'fl

V4

I

l'/4

\'tl

2
2 'fi
3
Vf>
4
5
6
(
10
12

in

'A
'/4

V.
'/>
'/4

1

iv.
I'fi
2
2(fi
3
3'A
4
5
6
8
10
12

jjaaulacsl Prraaan Teal < a*atiiaa» tor Wain al
(U-<) Isw PVC Maallc PI**. Srhc4l«at M

Pressure Required for 1 esr*

PVC II 2O
PVCI220 PVC2II6 PVC2II. ' PVC2IIO
PVC2I20

2570
2)70
19)0
17(0
1440
1)20
1090
990
(50
190
790
730
6M
610
590
520
490
4(0

1772
1634
1) )l
1 2 2 7
99)
9 10
7 5 2
6(3
5(6
6 14
5 4 5
503
469
421
407
359
1 3(
3 31

P"

2060
1900
1540
14)0
1160
1060
(70
790
6(0
710
6)0
5(0
540
490
470
410
)90
3(0

MPa

1 4 2 1
1) 10
1062
98*
(00
7)1
600
496
469
490
4 34
400
3 7 2
) )(
3 2 4
213
269
262

1720
15(0
1290
1190
960
(M
7)0
660
570
590
520
4(0
450
400
)90
340
3)0
)20

II 86
1090
189
(20
662
607
50)
4 55
)9)
407
)59
3 11
) 10
2 76
269
2 14
2 28
2 2 1

1410
IMO
1060
9*0
7*0
720
600
540
460
4*0
4)0
400
370
3)0
320
2(0
270
260

9 7 2
(96
7 11
676
5 4 5
496
4 14
1 72
1 17
3 38
296
276
2 5 5
2 21
2 2 1
1 9)
1 (6
1 79

* Ihc fiber si/esses used lo derive these lesl pmsurcs are •
follow,

PVC
PVC
pvc
pvc
pvc
pvc

1120
1220
2120
2116
2112
2110

P*
42OO
4200
4200
3360
2(00
2300

MPa

290
290
290
2 ) 2
19 )
1 5 9
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TAMI.E 5 S(M»M Preuwe T*M < <Mjkta«< to Wilet U
7J> (2JT) ht PV<~ Plttrtc Pin. StWdate Hi

Preuure Required Tor Te&r4

Nonmul Pvt-,,20

PVCI220 P V C 2 I I 6 P V C J I I 2 P V ( 2 I I O
PVC2I20

m

'/i
V.
|
IV.
IV]
2
2Vi
3
3'/i
4
5
6
1
10
12

m.
'ft
V.
1
I1/.
I'/l
2
2V)
3
>'/!

4
5
6
1
10
12

2130
1620
1510
1250
1130
990
910
930
110
900
130
710
760
770
710

1469
II 17
1041
162
779
613
676
641
551
621
5 7 2
5)1
524
5 )l
490

P"
1710
1300
1200
1000
900
790
710
750
640
720
660
620
610
620
370

MPi
11.79
196
127
619
621
545
531
3 17
4 4 1
496
455
427
421
427
393

1420
1010
1000
130
750
660
650
620
540
600
550
520
510
510
4M

979
745
619
572
5 17
455
441
427
372
4 14
379
359
332
352
331

1170
190
1)0
680
620
540
540
510
440
490
450
430
420
420
390

107
614
'72
'.69
4 2 7
3 7 2
372
352
30)
3)1
3 10
296
290
290
269

' The Abet MRMO uied lo derive ihoe lot ptcmurej «rr •

PVOI20
PVCI220
PVC2I20
PVOIIt,
PVOII2
P V C 7 I I O

P"
4200
4200
4200
3)60
2100
2300

MPi
290
290
290
2 3 2
1 9 )
1 5 9

I A M L 6 f*ra mnm nu^ttumtmu m w»i«t «i n r mi ) K» r»i nmit rife. atnimra «», »». mm ii»

Minimum Burn Preaum*

in

'ft
</<
ft
'/i
V.
I
r/<
HA
2
2 '/I
}
J'/i
4
5
6
1
10
12
in.

'/»
'/.
V*
'/>
V.
1
I1/.
I'/i
2
2'4
)
Vi
4
5
6
1
10
12

Schedule 40

pvriizo
PVCI220
PVC2120

2510
2490
1940
I«IO
1540
1440
1110
1060
190
970
(40
770
710
620
560
500
450
420

1779
17 17
1)72
1317
1062
993
1 14
7)1
614
669
379
511
4.90
4 2 7
116
349
3 10
290

PVC2II2
PVC2II6
PVC7IIO

2020
1950
1560
1490
1210
1130
920
130
690
760
660
600
560
390
440
390
350
330

1393
1345
10.76
10.27
134
779
634
572
476
524
455
4.14
3M
269
303
269
241
221

ScheduklO

PVCII20
PVCI220
PVC2I20

P"
3920
3620
2940
2720
2200
2020
1660
1510
1290
1360
1200
II 10
1040
930
190
790
750
730

MPi

2/10
2496
2027
1176
1517
1393
1145
1041
119
931
127
765
717
641
614
545
5 17
503

PVC2II2
PVC2II6
PVC2IIO

3060
2130
2300
2120
1720
I5W
1300
MK
1010
1060
940
160
110
720
700
620
510
570

21 10
1952
I5U
1462
1116
1019
196
114
696
731
641
593
55«
496
413
4 2 7
400
393

Schedule

PVCII20
PVCI220
PVC2I20

3250
2470
2300
1900
1720
1510
1440
1420
1230
1)10
1260
1190
1160
1170
1090

2 2 4 1
1703
151*
1) 10
II 16
1041
1027
979
141
951
169
120
100
107
752

120

PVC2II2
PVC2II6
PVC2IIO

2540
1930
1790
1490
1340
I IM
1170
II 10
960

10*0
990
930
910
920
150

1752
1331
1234
1027
924
114
107
765
662
743
613
641
627
634
5M

" The Tiber ureao uted lo derive lhac lea praMiret ire x (ollawi

PVCII20
PVO220
PVC2I20
PVC2II6
PVC2I I2
P V I 2 I I O

f»
MOO
6400
6400
5000
5000
5000

MPi
44 1
44 1
441
345
345
345
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I A B I I XII Wiiti Pinwt R>lti.«»l 73-1-(HT)lu
Sck«J>lt 40 pvr Ptullr V\ft

APPtNDIX

(Noomandatory Information)

XI SOIJUCt OK HYDBOSTATir DESIGN STRESSES

X I I I IK- hydrostatic design stresses recommended
by ihe Plastics Pipe Irutiiute »ic used to preasure rate
PV< plastic pipe These hydrostalk design stresses we
70UOpsi<l4 MPi), 1600 pu( l I 2 MPi), I250p* i<«7
MPa, ind I (WO pu (7 MPi) for water at 73'F (23'C).
These hydrostatic design U rases apply only to pipe
meeting all the requircmenu of thu specification.

XI 2 Sii PVC pipe materials are included based on
ihe requirements of Specifkalion D 1784 and Ihe PPI-
recommended hydruatatic detign stresses as follows:

XI 2.1 Type I, Grade I (12454-B), with a hydro-
static design stress of 2000 pu (14 MPa). designated as
PV( 1120

XI 2.2 Type I. Grade 2 (12454-f). with a hydro-
sum design stm; of 2000 psi (14 MPa). designated as
P V C ; 220.

XI 2 3 Type II, Grade I ( 1 4 ) 3 ) l>) , with a hydro-
static design stress of 2000 psi (14 MPa), designated u
PVOI20

XI 2.4 Type II. Grade I ( 1 4 1 ) 1 D), wiih a hydro
SUIK. design stress of 1600 psi (11 2 MPa), designated
asPVC2M6

XI 2 5 Type II. Grade I (14333-1)) , with a hydro-
static design stress of 1250 psi (87 MPa), designated u
P V O I I 2

XI 26 Type II. Grade I ( 1 4 ) 3 ) I». with a hydro-
static design stress of 1000 psi (70 MPa). designated u
P V C 2 I I O

X I . ) The standard method for obtaining hydro-

static basis for thermoplastic pipe materials is Method
D 21)7 Additional information regarding Ihe method
of leal and other en tern used in developing these hy
droatalK design strenes may be obtained from the
Plastic* Pipe Institute, a division of The Society of the
Plastics Industry. 355 Lexington Ave. New York. NY
10017. These hydrostatic design stresses may not be
suitable for materials thai snow a wide departure from
a stmfhi-linc plot of log stress versus log time to failure
All the data available to dale on PVC pipe materials
made in the United Slates eihibil a straight-line plot
under these plotting conditions

XI 4 The pipe is rated for use with water at 73*F
(23*C) al the maiimum internal pressures shown in
Tables X I . I , XI 2. and XI 3 U>wer pressure ratings
than those calculated in accordance with 34 may be
recommended, al the option of Ihe pipe manufacturer,
in which case Ihe SDK shall be included in Ihe marling
b'lpenence of Ihe industry indicates lhal PVf plastic
pipe meeting Ihe requirements of this specification gives
satisfactory service under normal conditions for a long
period al these pressure ratings. The sustained pressure
requircmenu are related to these ratings through Ihe
slopes of ihe strength time plots ol these materials in
pipe form

XI 5 Ihe hydrostatic design stresses recommended
by the Plastics Pipe Institute are based on tests made
on pipe ranging in siu from '/> to 2V, in ( 1 2 5 to 63 5
mm)

Nominal
Pipr SIM

in

'/i
'/4

'*
'/)
</.
1
I1'.
I'/i
2
2Vi
3
3Vi
4
5
6
8
10
12

in

'ft
'/•
'/l
'ft
V.
1
r/4
i 'ft
2
2'rt
3
Vft
4
5
6
8
10
12

O O or~t ft rt

O CU* > >a. p- a.

810
780
620
600
48O
450
370
3JO
280
300
260
240
220
190
180
160
140
130

•£>

0>
H_

(HI

650
620
500
480
390
160
290
260
220
24O
210
191)
180
160
I4O
120
NO
no

r j

y
a.

iou
490
)90
)7fl
MO
280
2)0
210
1)0
190
160
150
140
120
no
100
90
10

&

C>a.

400
39O
310
300
240
220
180
no
140
150
1)0
120
no
100
91)
80
70
70

NiPl(btu)'

5 58 (56)
5 38 (54)
< 2 7 (43)
4 14 (41)
) 3 I (33)
3 10 ( 3 1 )
2 55 (25)
2 28 (23)
1 93 (19)
207 ( 2 1 )
1 79 (28)
165 (16)
1 52 ( 1 5 )
1 31 ( 1 3 )
1 24 ( 1 2 )
1 10 ( I I )
097(9 7)
0 90 (9 0)

448 (45)
427 (41)
345 (14)
3 31 (3) )
269 (2 ' )
241 (25)
204 (20)

79 (18)
52 (15)
65 (16)
45 (14)
)l ( l»
24 ( 1 2 )
10 ( I I )

097 (97 )
0 8 3 ( 8 3 )
0 7 6 ( 7 6 )
0 7 6 ( 7 6 )

)45 i 4)
) )8 1 1)
269 I ?)
255 U5)
207 (21)
1 9) (19)

59 (16)
45 (14)
17 (12)
31 (D)
10 ( I I )

1 0) (10)
097(9 ?)
08) (8 ))
0 7 6 ( 7 6 )
069169)
062 (62 )
0 5 5 ( 5 5 )

2 76 128)
269 (27)
2 14 ( 2 1 )
207 ( 2 1 )
1 65 (16)
152 (15)
1 24 ( 1 2 )
1 17 (12)
0 9 7 ( 9 7 )
10) (10)
0 90 (9 0)
083(8 3)
0 76 (7 6)
0 69 (6 9)
06216 2)
0 5 5 ( 5 5 )
0 41 (4 8)
048 (48 )

* Thoc prmure niUnfs apply only u> unthreaded pipe The
induttry docs MM recommend thrtadin* PVC pU*uc pipe IB
Schedule 40 diokciwoiu in nonuiuU pipe »re» 6 in (150 mm)
•ad tinmUer.

* See Appendix for unit (inignition
c I bw- 14 504 p*i
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il 7)'K2J'( (lot S<a<4«k M) PVC Plailk Pta*

D178S

WM<r Fmaarc Ralhap at IJ'K (Z)T| fan Sthtaak IU PVl PUMk P1j«

Nominal
PipcSt/r in

%
%
Lin
'/i
V.
1
IV.
['/>
2
2 '/i
3
3W
4
5
6
I
10
12

CV< 1120. PVl' 12 20.
PVl 21 2O

Unlhicvded

I2W
11)0
920
150
690
6)0
520
470
400
420
370
350
320
290
2*0
250
2)0
2)0

Threaded

610
570
460
420
MO
320
260
240
200
210
190
DO
160
140
140
120
120
no

pu

PVl 2116 PVt 2 1 1 2

Umhieaded

9*0
900
7)0
680
550
500
420
3*0
320
MO
MO
210
260
230
220
200
190
1*0

Threaded

490
450
370
MO
2*0
250
210
190
160
170
150
140
1)0
120
no
100
90
90

Unthreaded

770
710
570
5)0
4)0
390
320
290
250
260
230
220
200
1*0
170
150
150
140

Threaded

3*0
350
290
260
210
200
160
150
130
130
120
no
100
90
90
M
70
70

PVl 2110

Unthreaded

610
570
460
420
340
320
260
240
200
210
190
170
160
140
140
120
120
no

Threaded

)IO
210
2)0
210
170
160
1)0
120
100
no
90
90
10
70
70
60
60
60

MPa(bal)

Nominal
Pipe Sue. in

'*
V.
w
'A
V.
1
1%
I'A
2
2 'A
3
Vf,
4
5
6
1
IU
12

PVCII20, PVCI220. PVC2II6 PVC.il 12 PVC2IIO
PVC2I20

Unthreaded

II 4« (15)
7 79 (»0)
« 34(6))
586(591
476(41)
4)414))
359(16)
3 2 4 ( 3 2 )
2 76(28)
290(29)
2 5 5 ( 2 5 )
241 (24 )
2 2 1 ( 2 2 )
2110(20)
1 9)(l9)
1 72(17)
1 59(16)
1 59(16)

Threaded

421 (42)
)9) (39)
)I7 (32)
2 90 (29)
2 )4 (23)
221 (22)

79 (lit
65 (16)
» (14)
45 (15)
)l ID)
17 )I2)
10 (II)

097(97)
097(97)
013(11)
08)(l 3)
0 7 6 ( 7 6 )

Unthreaded

676(6«)
621(62)
501(50)
469(47)
379()«)
)45(M)
290(29)
262(26)
221 (22 )
2)4(2))
207(21)
1 9) (19)

79(11)
59(16)
52(15)
)I(I4)
31(1))
24(12)

Threaded
) 31 (39)
3 10 (31)
2 55 (25)
2 34 (23)
193 (19)
1 72 (17)
145 (14)
1 31 (13)
1 10 (II)
1 17 (12)
103 (10)
0 97 (9 7)
090(90)
013(13)
076(76)
0 69 (69)
0 62 (6 2)
0 62 (6 2)

Unthreaded

531 (53)
4 90 (49)
393 (39)
365 (36)
29* (29)
269 (27)
221 (22)
20 (20)
172 (17)
1 79 (II)
1 59 (16)
1 52 (15)
1)1 (14)
1 24 (12)
1 17 (II)
1 03 (10)
103 (10)
097(97)

Threaded

262 (26)
241 (24)
200 (20)
179 (II)
145 (14)
1 31 (13)
1 10 (II)
1 03 (10)
0 90 (90)
090(90)
013(13)
076(76)
0 69 (69)
062(62 )
062(62)
055(55)
041(41)
041(41)

Unthreaded

421 (42)
3 9) (40)
) 17 ()2)
290 (29)
2 M (2))
221 (22)
1 79 (II)
165 (16)

31 (14)
45 (14)
31 (1))
17 (12)
10 (II)

097(97)
097(97)
013(11)
01) (13)
076(76)

Threaded

2 14 (21)
1 93 (19)
1 59 (16)
1 45 (14)
1 17 112)
1 10 (II)
0 90 (9 0)
013(1))
069(69)
076(76)
062(62)
062(62)
0 )5 (55 )
041(41)
041(41)
041(4 1)
041 (4 1)
041 (4 1)

1ABI.K »!-> "»« •"

Num.nal PVC II 20. PVC 12 20.
P,pcS.ze,,n PVC2I20

Unthreaded Threaded

V.

1%

2
rfi
3
3V>
4
5
6
1
10
12

Pipe Sue, in

Vi
V.
1
1%
I'/i
2
2'fi
3
3%
4
5
6
1
10

1010
770
720
600
540
470
470
440
3*O
430
400
370
3*0
370
340

510
390
360
300
270
240
210
220
190
220
200
190
1*0
1*0
170

P"

PVC2II6

Untreadcd

110
620
570
410
430
3*0
370
3*0
310
340
320
300
290
290
270

PVl 2112

Threaded Unthreaded

410
3)0
290
240
210
190
190
1*0
150
170
160
150
140
140
140

630
4*0
450
370
340
290
290
2*0
240
270

230
2)0
210

PVl 2110

Threaded Unthreaded

)»
240
220
190
170
150
150
140
120
130
120
120
no
no
no

)90
360
300
270
240
230
220
190
220
200
190
1*0
1*0
170

Threaded
250
190
IK
150
1)0
120
120
no
100
no
100
90
90
90
M

—— ' ~: MPa (bat)

1 >>CII20, PVC 1120. PVC2II6
PVC2I20

6 96 (70)
5)1(53)
496(50)
414(41)
j 72 (37)
3 24 (32)
3 24 (32)
303(30)
262(2*)
296(29)
276(27)
2 55 (25)
2 62 (26)
2 55 (25)
234(23)

Threaded

352(35)
2*9(27)
2 41 (25)
2.07(21)
1*6(19)
1*5(17)
159(16)
152(15)
131(13)
152(15)
131(14)
l . l l ( I J )
1 24(12)
124(12)
1 17(11)

Unthreaded
55I(5«)
427(43)
3 9) (39)
3 31 (33)
296(30)
2 62 (26)
255(25)
2 41 (24)
214(21)
234(2))
221 (22)
207(21)
200(20)
200(20)
116(11)

Threaded
2 1) (21)
214 (21)
2 00 (20)
1.65 (16)
1 45 (14)
1 31 (13)
1 31 (13)
1 24 (12)
1 03 (10)
1 17 (12)
1 10 ( I I )
1 03 (10)
0 97 (9 7)
0 97 (9 7)
0 97 (9 7)

PVC2II2

Uaihreaded
434(4))
331 ()))
310(31)
255(25)
!)4(2))
200(20)
200(20)
19) (19)
165(16)
116(11)
1 72(17)
1 59(16)
1 59(16)
1 59(16)
145(14)

Threaded
221 (22)
165 (16)
1 52 (15)
1 31 (D)
1 17 (12)
10) (10)
1 OS (10)
097(97)
013(13)
090(90)
013(13)
0 13 (1 3)
076(76)
076(76)
076(76)

PVC2IIO

Unthreaded
352(35)
2 69 (27)
2 41 (25)
207(21)
1*6(11)
165(16)
1 59(16)
1 52(15)
1 31 (13)
1 52(15)
1 31(14)
1 31(13)
1 24(12)
1 24(12)
1 17(11)

Threaded

1 72 (17)
1)1 ID)
1 24 (12)
103 (10)
090(90)
013(11)
011(11)
0 76 (7 6)
0 69 (6 9)
076(76)
069(69)
0 6 2 ( 6 2 )
062(62)
0 6 2 ( 6 2 )
055(55)

The Ameruan Society for Tetting and Materials takes no position respecting the validity iifany patent rights asserted ut connect ion
with any tifm mentioned in tku standard Uteri of this standard are expreuly advised that determination of the validity of any tuck
patent rights, and the niA of infringement of suck rights, a/t entirety their own responsibility

This standard r \ubjfit to revisum at anytime by the responsible tethntcat committee and must be reviewed r*t*y ft** years and
j/ not raised, rtth reappfovrd or withdrawn your comments are invited either for revision of this standard ur for oddiiuxutt
standards and sho J be addressed to ASTM Headquarters Your comments wilt receive careful consideration at a meeting ofihr
responsible teihnUtJ commute*, which you may attend If you feet thai your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards. /VIA Race St. Philadelphia, t>A I9IQJ



Designation. 0 2216 - 80 An American National Standard

Standard Mathod for
LABORATORY DETERMINATION OF WATER (MOISTURE)
CONTENT OF SOIL, ROCK, AND SOIL-AGGREGATE
MIXTURES'

fail standardidud ii uiucd under Ihc fucd doifnaiion D 1216; ihc number immcdiaicly following the acuuuiioa indium the
nfiuj idoptio* or la UK cue of revutoo, UM year of Uui rcvuwa A nunbcr in p—mhnti ""*E-«»Ti Ibe y««f of lul
il A supcncnM eniloa («) indicaia in edilorul ctunfc uace UK UM rcvuioa or raoarovil

I. Scop*
I. I This method coven the laboratory deter-

mination of the water (moisture) content of
toil, rock, and soil-aggregate mixtures by
weight. For simplicity, the word "material"
hereinafter refers to either soil, rock, or soil-
iggregate mixtures, whichever is most applica-
ble.

12 The water content of a material u de-
fined as the ratio, expressed as a percentage, of
the mass of "pure" or "free" water in a given
mass of material to the mass of the solid ma-
terial panicles.

13 This method does not give true repre-
sentative results for: materials containing sig-
nificant amounts of halloysite, montmorillon-
itc. or gypsum minerals; highly organic soils,
or, materials in which the pore water contains
dissolved solids (such as salt in the case of
marine deposits). For a material of the previ-
ously mentioned types, a modified method of
testing or data calculation may be established
to give results consistent with the purpose of
ihc test

I Summary of Method
2.1 The practical application in determining

ihe water content of a material u to determine
the mass uf water removed by drying the moist
material (test specimen) to a constant mas* in
i drying oven controlled at 110 ± S°C and to
we this value as the mass of water in the test
specimen. The mass of material remaining after
oven-drying is used as the mas* of the solid
panicles.

3. StfBttcuce *mt UM
3.1 For many soil type*, the water content u

one of the mo*t significant index properties
used in establishing a correlation between soil
behavior and an index property.

3.2 The water content of a soil is used in
almost every equation expressing the phase
relationships of air, water, and solids in a given
volume of material.

3.3 In fine-grained (cohesive) soils, the con-
sistency of a given soil type depends on its
water content. The water content of a soil,
along with its liquid and plastic limit, is used to
express its relative consistency or liquidity in-
dex.

3.4 The term "water" as used in geotechnical
engineering, is typically assumed to be "pore"
or "free" water and not thai which is hydrated
to the mineral surfaces. Therefore, the water
content of materials containing significant
amounts of bydrated water at in-situ tempera-
tures or less than 110°C can be misleading.

3.5 The term "solid panicles" as used in
geotechnical engineering, is typically assumed
to mean naturally occurring mineral panicles
that are not readily soluble in water. Therefore,
the water content of materials containing extra-
neous matter (such as cement, etc), water-sol-
uble matter (such as salt) and highly organic

' Thii method u under Uw (urudicuoa of ASTM Coat-
auiw* D-II a* Soil ud Rock ud a ih*dina rwpoaubUity
of Subcommuut Oil 03 o* Tatuic. PUuaary ud Duuiry
Chincuraua of Soiti.

CiuraM •diuoa approved May 30. 19(0 PutHuhed July
I9W Onauully puMuhcd u D JJI4- 63 T LAM praviotu

71

355



matter typically require special (realmenl or a
qualified definition of water content.

4. Apparatus
41 Drying Oven, thermostatically-con-

trolled, preferably of the forced-draft type, and
maintaining a uniform temperature of 110 ±
S°O throughout the drying chamber.

4.2 Balances, having a precision (repeatabil-
ity) of ±0.01 g for specimens having a man of
200 g or less, ±0.1 g for specimens having a
mass of between 200 and 1000 g, or ± I g for
specimens having a mass greater than 1000 g.

4.3 Specimen Containers—Suitable con-
tainers made of material resistant to corrosion
and a change in mass upon repeated healing,
cooling, and cleaning. Containers with close-
fitting lids shall be used for testing specimens
having a mass of less than about 200 g. while
for specimens having a mass greater than about
200 g, containers without lids may be used
(Note I). One container is needed for each
water content determination.

No IB I The purpose of close-filling udi u lo
Irevenl Ion of moisture from (pecuncus before initial
weighing and 10 prevent absorption of moisture from
the atmosphere following drying and before final
weighing

4.4 Desiccator A desiccator of suitable size
(a convenient size is 200 to 250-mm diameter)
containing a hydrous silica gel. This equipment
is only recommended for use when containers
having close-fitting lids are not used. See 7.4.1.

5. Samples
51 Keep the samples that are stored prior to

luting in noncorrodiblc airtight containers at
a temperature between approximately 3 and
30°C and ID an area that prevents direct contact
with sunlight

5.2 The water content determination should
be done as soon as practicable after sampling,
especially if potentially corrodible containers
(such as steel thin walled lubes, paint cans, etc)
or sample bags are used

4. Test Specimen
6 I For water contents being determined in

conjunction with another ASTM method, the
method of specimen selection specified in that
method controls

02216

6 2 The manner in which the lest specimen
is selected and Us required mass is basically
dependent on the purpose (application) of the
lest, type of material being tested, and the typ,
of sample (specimen from another lest, bat
lube, split-barrel, etc ) In all cases, however, t
representative portion of Ihe total sample shall
be selected If a layered soil or more than one
soil type is encountered, select an average por-
tion or individual portions or both, and note
which portion(s) was tested in the report of the
results

6.2.1 For bulk samples, select Ihe lest speci-
men from the material after it has been thor-
oughly mixed The mass of moist material se-
lected shall be in accordance with Ihe following
table:

Sieve Reuuuoi More Than
Aboul 10* of Sample
1 Omm (No 10) neve
4 75 mm (No 4) lieve
19mm
31mm
76mm

Recommended Muumun
Man of Moot Speaaea.

1
100 lo 200
MOloSOO
SOOio 1000

I WO lo 3000
5000 lo 10 000

6.2 2 For small (jar) samples, select a repre-
sentative portion in accordance with the follow-
ing procedure:

6.2.2.1 For cohesionless soils, thoroughly
mix the material, then select a test specimen
having a mass of moist material in accordance
with the table in 6.2.1 See Note 2.

6.2.2.2 For cohesive soils, remove about 3
mm of material from the exposed periphery of
the sample and slice it in half (to check if the
material is layered) prior to selecting the lest
specimen. If the soil is layered see 6.2. The
mass of moist material selected should not be
less than 25 g or should be in accordance with
the table in 6.2.1 if coarse-grained particles are
noted (Note 2)

6.3 Using a lest specimen smaller than the
minimum mass indicated previously requires
discretion, though it may be adequate for the
purpose of the test. A specimen having a mass
less than the previously indicated value shall
be noted in the report of the results.

NOTE 2 In many cues, when working with «
small sample containing a relatively large cuirsc-
grained particle, it is appropriate nol lo include [his
particle in the test specimen. If this uucurs, it should
be mrte*) in ihe report of the results

I Procedure
71 Select representative test specimens in

!ccordance with Section 6.
7.2 Place Ihe moist specimen in a clean, dry

container of known mass (Note 3), set the lid
iccurely in position, and determine the mass of
the container and moist material using an ap-
propriate balance (4.2). Record these values.

7.3 Remove Ihe lid and place Ihe container
«ilb moist material in a drying oven main-
lined at 110 ± 5°C and dry lo a constant mass
(Notes 4, 5, and 6)

Non 3 To assist in the oven-drying of laige test
ipecimeiu, they should be placed in container! hav-
•g a large surface area (such as pans) and Ihe
•atcnal broken up into smaller aggregation!

Non 4-The tune required lo obtain constant
Bast will vary depending on the type of material,
•ic of speomen, oven type and capacity, and other
(acton The influence of these factors generally can
be established by good judgment, and experience
vith the materials being Kited and Ihe apparatus
being used. In moat casea, drying a lot specimen over
tight (about 16 h) u sufficicnl. ID cases where there
• doubt concerning the adequacy of drying, drying
mould be continued until the mau after two succca-
tve periods (greau than Vt h) of drying indicate an
irmgiiifVrani chan : (lew than about O.I %). Speci-
mens of sand may often be dried lo constant mast in
t period of about 4 h, when a forced-draft oven is
iscd

NOTE 5 Oven-drying at 110 ± 5°C doe* not
always result in water content values related to Ihe
•tended use or Ihe bask defutilioa especially for
materials containing gypsum or other minerals hav-
ing significant amounts of bydralcd water or for soil
containing a significant amount of organic material,
la many cases, and depending on the intended use
for these types of materials, it ought be more appli-
cable lo maintain Ihe drying oven at 60 ± S'C or use
i vacuum desiccator at a vacuum of approximately
133 Pa (10 mm Hg) and al a temperature ranging
between 23 and 60°C for drying. If either of these
drying methods are used, it should be noted in the
report of Ihe results.

NOTE 6 Since some dry materials may absorb
moisture from moist specimens, dried specimens
would be removed before placing moist specimens
in the oven However, this requirement is not appli-
cable if Ihe previously dried specimens will remain
in Ihe drying oven for an additional lime period of
about 16 h

7.4 After the material has dried to constant
mass remove ihe container from Ihe oven and
replace Ihe lid. Allow Ihe material and con-
tainer lo cool lo (torn temperature or until Ihe
container can I handled comfortably with

D2216

bare hands and Ihe operation of the balance
will nol be affected by convection currents.
Determine the mass of the container and oven-
dried material using the same balance as used
in 7.2. Record this value.

7.4 I If Ihe container does not have a lid,
weigh the container and material right after
their temperatures are such that the operation
of the balance will not be affected by convec-
tion currents or after cooling in a desiccator.

Note 7 Cooling in a desiccator u recommended
since it prevents absorption of moisture from Ihe
aimosphere during cooling.

8. CalculatkM
8. 1 Calculate the water content of the ma-

terial as follows:

w - Ur, - WjKW-i - W.)\ X 100 - - x lUU

where:
iv — water content, %,
If i - r lass of container and moist specimen,

t
W i — E .ass of container and oven-dned spec-

imen, g,
W, — mass of container, g,
W, — mass of water, g. and
If. — mass of solid particles, g.

9. Report
9.1 The report (data sheet) shall include the

following:
9 I.I Identification of the sample (material)

being tested, by boring number, sample num-
ber, test number, etc.

9 1.2 Water content of the specimen lo the
nearest 0 I % or I %, depending on the purpose
of the lest.

9 . 1 . 3 Indication of lest specimen having a
mass less than the minimum indicated in Sec
lion 6.

9.1.4 Indication of lest specimen containing
more than one soil type (layered, etc).

9.1 5 Indication of the method of drying if
different from oven-drying al 110 t 5°C*

916 Indication of any material (sue and
amount) excluded from the lest specimen
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Designation: O - M (rUapprowd 1972)*'

Standard Method for
PARTICLE-SIZE ANALYSIS OF SOILS1

w undanl u uaued under Ihc fiud deBftnalttO D 422. Ihe number mmndnlriy Ukwu« the
' î idopbon or. in ibc CMC of rrvuio*. the yew of tan RVKKMI. A

picnpl cfmlon (.) ii«rtimri an edHonaJ

ike year of
Ac year of lael raappraml

/j^— Section 2 wai added editorially tad I u July 1914.

I I This method coven the quantitative de-
pininauon of the distribution of particle sizes
„ soils. The distribution of particle sizes latter
^ 75 um (retained on the No. 200 sieve) is
determined by sieving, while the distribution of
prticle sizes smaller than 7) urn is determined
ty a sedimentation process, using a hydrometer
10 secure the necessary data (Notes I and 2).

Nan I— Separation may be made on the No. 4
,4 JJ-mm). No. 40 <425->im). or No. 200 (7 J-um) sieve
toead of the No. 10. For whatever sieve used, the tut
*iU be indicated in the report.

NOTE 2—Two type* of dispersion device* are pro-
•utoJ (/) a hiiti-speed mechanical sUncr, and (2) air
tapcruon Extensive investigations indicate that air-
feptraon devices produce • more positive dispersion
al plMtic soils below the 20-um sue and appreciably
Im degradation on all sizes when used with sandy soils,
house of the definite advantages favoring air dispcr-
wn. its use is recommended. The results from the two
rvpes of devices differ in magnitude, depending upon
toil type, leading to marked differences in panicle siie
Mnouuon. especially for sizes finer than 20 um.

2. Applicable Documents
2.1 ASTM Standards
0421 Practice for Dry Preparation of Soil

Samples for Particle-Size Analysis and De-
termination of Soil Constants1

E 11 Specification for Wire-Cloth Sieves for
Testing Purposes1

E 100 Specification for ASTM Hydrometers4

} Apparatus
31 Balances—A balance sensitive to 0.01 g

ft" weighing the material passing a No. 10 (2.00-
nm) sieve, and a balance sensitive to O.I % of
UK mass of the sample to be weighed for weighing

the material retained on a No. 10 sieve.
J.2 Stirring Apparatus—Either apparatus A

or B may be used.
3.2.1 Apparatus A shall consist of a mechan-

ically operated stirring device in which a suitably
mounted electric motor turns a vertical shaft at
a speed of not las than 10 000 rpm without load.
The shaft shall be equipped with a replaceable
stirring paddle made of metal, plastic, or hard
rubber, as shown in Fig. I. The shaft shall be of
such length that the stirring paddle will operate
not less than Vii in. (19.0 mm) nor more "han I tt
in. (38.1 mm) above the bottom of the dispersion
cup. A special dispersion cup conforming to
either of the designs shown in Fig. 2 shall be
provided to hold the sample while it is being
dispersed.

3.2.2 Apparatus B shall consist of an air-jet
dispersion cup1 (Note 1) conforming to the gen-
eral details shown in Fig. 3 (Notes 4 and 5).

NOTE 3—The amount of air required by an air-jet
dispersion cup is of the order of 2 n'/rnin; tone small
air compressors ire not capable of supplying sufficient
air to operate a cup.

NOTE 4—Another air-type dispersion device,
known as a duperaon lube, developed by Chu and
Davidaon at Iowa State Colleae, has been shown to give

' Thu method u under the jumdtcooo of ASTM Coaiminec
D- IS aa Soil and Rock tod u the direct rapoaabiltry of
Subcommittee Dl 1 0} on Tenure. Plmaly, tad Denary Chv-

Current edmoa approved Nov 21. 1961 Orupaitty pub-
lished 1913 Replica O422 - 62

1 Amual took of ASTM Slomtar*. Vol 04 Of
1 tiutuol took of ASTM SUM*/*. Vol 14 02.
' Aiutuol look of ASTM SlMjvdl. Vol 1401
1 Detailed oorkinf dnwinn for this cup arc Mutable «i a

nominal con from ike Amencan Society for Tcatu) aad M*-
icnali. 1916 Race Si.. Philadelphia. PA 19103. Outer Adjunct
No 12-40422040



mulls cquivftlenl lo ibuat Becuied by Ihe air jcl dupci
nun eupi When it n uaed, toaiing of (be umplc can
be done in the toil men union cylinder, Ihu diminaunf
the ncni fat innafcrnna [be slurry When Ihe air-
liuptmoo lube o uaod, il ihall be 90 indicated in the
report

Ncm 5 —Waaci any auadcnacin air baa when oat
» me Ihu • Mil Mart be •cmovaj, either by •«•; a
water uap on the av kite, of by bkmukj the mater om
of Ihe IUK before Mini *•)> ojf Ihe air lb» ihqiinmii
purpoats.

3 3 //n*iwnrter An ASTM hydrometer,
graduated to read in cither specific gravity of the
suspeaoMM or grama per litre nfnmprmiion. tad
conforming to the requirements far hydrometers
I 5 I H or I52H in SpeuficaUoas E 100. Dimen-
sions of both hydrometers are Ike same, the scale
being the only item of difference.

3.4 Sedimentation Cylinder—A glass cylinder
essentially 18 in. (457 mm) in height and 2Vi in.
(63.5 mm) in diameter. «nd marked for a volume
of 1000 ml The inside diameter shall be such
thai Ihe 1000-mL mart is 36 ± 2 cm from the
bottom on the inside.

3 5 Thermometer—A thermometer accurate
to IT (05V)

36 Si 'KM—A series of sieves, of square-mesh
woven wire cloth, conforming to the require-
ments of Specification til A full set of sieves
includes Ihe following (Note 6)

3 in (75-mm)
2-m. (SO-min)
(Win (37 5-mm)
l-m (250-mm)
Vm (190-mm)
*i-in (9 5 mm)
No 4 (4 75-mm)

No 10 (2 00-mm)
No 20(g5Oum)
No 40(425-um)
No 60(250-um)
No I40(l06^m)
No 200(75-um)

0423

temperature, Ihc water hath is nol necessary.
3.8 Beaker—\ beaker of 250-mL capacity
) y 1' iming Device—A watch or clock wnj,

second hand.

N<nv 6 -A set of sieves givinf uniform spacing of
pmou for Ihe graph, u required in Sccuon 17. may be
u*ed if desired Thn »ct consists of the following neves:

3-m (7Vmm) No 16 (I 18 mm)
IVi-m (37 5-mm) No JO(60O-tim)
b-m. ( 1 9 0 - m m ) No H)(300-»im)
Vm (» Vmn>> No IOO(IS<>nm)
No 4(4 75-n m) No 200(75-nm)
No 8 (2 36 mm)

17 Hater Bath iir (\m\lanl lemprralure
KiMim —A water hath or constant temperature
room lor maintaining the soil suspension at a
constant temperature during Ihc hydrometer
analysis A satisfactory water lank is an insulated
tank thai maintains the temperature of Ihe sus-
pension at a convenient constant temperature al
01 near 6KT (20V). Such a device is illustrated
in I ig 4 In cases where Ihe work is performed
in a room al an automatically loniiolled loiistjnl

41 A solution of sodium bexametaphoopha^
(sometimes called sodium meuphosphale) sha|
be uaed in <*n»iii«H or deminermluicd water, at U^
rate of 40 g of sodium hexamctapbosphate/lib*
of solution (Nole 7).

Nun 7—Solutions of Inn latt, if atxhc, ilowly %
ven or hydralyzt back lo the orthophuaphale Conn »*)
a «>»'|i««i iluimr in dopenive action. Solution
ahould be prepared frequently (at lean once a moat*)
or rnV-"*~* to pH of I or 9 by meant of udiatj
carbonate, Euttffi containing tolutioaa f|>niilif have ag
dale of preparation marked on them.

42 All water used shall be either distilled a,
dcmineralized water. The water for a hydrometa
test shall be brought lo Ihe temperature that a.
expected lo prevail during the hydrometer teal
For example, if the sedimentation cylinder is to
be placed in the water bath, the distilled or de-
mineralized water to be used shall be brought lo
the temperature of Ihe controlled water bath; «,
if the sedimentation cylinder is used in a room
with controlled temperature, the water for the
test shall be al Ihc temperature of Ihe room. The
basic temperature for Ihe hydrometer test is 68T
(20V) Small variations of temperature do not
introduce differences thai are of practical signif-
icance and do nol prevent Ihe use of correctiom
derived as prescribed.

5 Test Sample

5 I Prepare the test sample for mechanical
analysis as outlined in Practice D 4 2 I . Dunof
Ihe preparation procedure Ihc sample is divided
into two portions One portion contains only
particles retained on Ihc No. 10 (2 00-mm) sieve
while Ihe other portion contains only particles
passing the No 10 sieve The mass of air-dncd
soil selected for purpose of tests, as prescribed in
Practice 1 ) 4 2 1 , shall be sufficient to yield quan-
tities for mechanical analysis as follows:

5 1 . 1 Ihe sue of Ihe portion retained on the
No 10 sieve shall depend on Ihe maximum silt
ol 'panicle, according lo Ihe following schedule

Nitnuiul Duinclci
ol \*rtM PUIH.ICI.

in (mm)

I (»4|
I'A ( )» I )
1 (S08|
1 (762 )

inimum
l al Portion i

2000
3000
4000
SOOO

51 2 Ihe sue of the portion passing the No.
10 sieve shall be approximately 115 g for sandy

,0,1s and approximately 65 g for silt and clay
,0,1s

5 2 Provision is made in Section 5 of Practice
p 421 for weighing of the air-dry soil selected for
purpose of tests, the separation of the soil on Ihe
f4o 10 sieve by dry-sieving and washing, and Ihe
weighing of Ihc washed and dried fraction re-
amed on the No. 10 sieve From these two
Hisses Ihe percentages retained and passing the
No 10 sieve can be calculated in accordance
«ilhl2 I .

NOTE 8 A check on the max values and the Ihor-
oigliaets of pulveri/auon of Ihe clods may be secured
by «o(hin| the portion passing the No. 10 sieve and
tiding thu value to Ihe mast of the washed and even-
tied portion retained on the No. 10 sieve.

SIEVE ANALYSIS OK PORTION BKTAINtD
ON NO. It (2M-M) SIEVE

Nominal IMtrortcr ,,l
lea Pamela,

in (mm)

MY M
I I1' 0)

Apiifoxinulc Min imum
M»n of Pimion i

SIX)
nxm

i Procedure
6 I Separate the portion retained on the No.

10(2 00-mm) sieve into a series of fractions using
ike 3-in (75 mm), 2-in (50-mm), IVi-in (37 5-
nm), 1 in (25.0-mm), Vin (19.0-mm), Vnn
(9 5mm), No 4 (4 75-mm). and No. 10 sieves,
or as many as may be needed depending on the
ample, or upon the specifications for the mate-
naj under lest.

62 Conduct the sieving operation by means
of a lateral and vertical motion of Ihc sieve,
iccompanied by a jarring action in order to keep
Ihc sample moving continuously over the surface
of the sieve In no case turn or manipulate frag-
ments in Ihc sample through Ihe sieve by hand
Continue sieving until not more than I mass %
of Ihe residue on a sieve passes that sieve during
I mm of sieving When mechanical sieving is
used, test Ihe thoroughness of sieving by using
>he hand method of sieving as described above

6 3 Determine Ihc mass of each fraction on a
balance conforming to the requirement!, of 3.1.
Al the end of weighing, the sum of Ihe masses
flamed on all Ihc sieves used should equal
flusely Ihr ongr -ass of the quan t i t y sieved
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IIYDROMETF.K AND SIEVE ANALYSIS OK
PORTION PASSING HIE NO. 'f (Ttt •»•)

SIEVE

7. Determination of Composite Correction for
llydroaaeler Reading

7 I liquations for percentages of soil remain-
ing in suspension, as given in 14.3, are based on
Ihe use of distilled or demineralized water A
dispersing agent is uaed in the water, however,
and Ihe specific gravity of Ihe resulting liquid is
appreciably greater than that of distilled or de-
mincralized water.

7 . 1 . 1 Both soil hydrometers are calibrated al
68*F (20'C), and variations in temperature from
this standard temperature produce inaccuracies
in the actual hydrometer readings. I IK amount
of the inaccuracy increases as the variation from
the standard temperature increases.

7 1.2 Hydrometers are graduated by the man-
ufacturer lo be read al Ihe bottom of the menis-
cus formed by the liquid on the stem. Since it is
nol possiMe to secure readings of soil suspensions
at the bottom of the meniscus, readings must be
taken at the lop and a correction applied

7.1 3 The net amount of Ihe corrections for
the three items enumerated is designated as Ihe
composite correction, and may be determined
experimentally

7.2 For convenience, a graph or table of com-
posite corrections for a series of I* temperature
differences for the range of expected lest temper-
atures may be prepared and used as needed
Measurement of Ihe composite corrections may
be made at two temperatures spanning Ihe range
of expected lest temperatures, and corrections for
the intermediate lemperal'res calculated assum-
ing a straight-line relationship between the two
observed values.

73 Prepare 1000 ml. of liquid composed of
distilled or deminerahzed water and dispersing
agent in Ihc same proportion as will prevail in
Ihe sedimentation (hydrometer) test Place the
liquid in a sedimentation cyclinder and Ihe cyl-
inder in Ihe constant-temperature water bath, set
for one of the two temperatures to be used. When
the temperature of the liquid becomes constant,
insert the hydrometer, and, after a short interval
lo permit the hydrometer to come to the temper-
ature of Ihe liquid, read Ihe hydrometer al Ihc
lop of the meniscus formed on Ihe stem For
hydrometer 1 5 1 I I Ihe composite correction is Ihe
difference between this reading and one, for hy-



dromeler I52H it is the difference between the
reading and zero. Bring the liquid and the hy-
drometer to the other temperature to be used,
and secure the composite correction as before.

8. 11 ygroscopk Moisture
81 When the sample is weighed for the hy-

drometer test, weigh out an auxiliary portion of
from 10 to 15 g in a small metal or glass con-
tainer, dry the sample to a constant mass in an
oven al 230 ± 9'F < 110 ± 5'C), and weigh again
Record the masses.

9. Dispersion of Soil Sample
9 I When the soil is mostly of the clay and sill

sizes, weigh out a sample of air-dry soil of ap-
proximately 50 g When the soil is mostly sand
the sample should be approximately 100 g.

92 Place the sample in the 250-ml beaker
and cover with 125 ml of sodium hexameta-
phosphale solution (40 g/L). Stir until the soil is
thoroughly wetted. Allow lo soak for at least 16
h.

93 At the end of the soaking penod, disperse
the sample further, using either stirring apparatus
A or B If stimng apparatus A is used, transfer
the soil - water slurry from the beaker into the
special dispersion cup shown in Fig. 2, washing
any residue from the beaker into the cup with
distilled or demineralized water (Note 9) Add
distilled or demineralized water, if necessary, so
that the cup is more than half full. Stir for a
period of I min.

Null 9—A Urge sue synngc is a convenient device
for handling the water in the wishing operation Other
devices include (he wuh-waier bonk and i hose with
nouk connected lo i pressurized distilled water lank

94 If Muring apparatus B (Fig 3) is used,
remove the cover cap and connect the cup lo a
compressed air supply by means ofa rubber hose.
A air gage must be on the line between the cup
and the control valve. Open the control valve so
that the gage indicates I psi (7 kPa) pressure
(Note 10). Transfer the soil - water slurry from
the beaker lo the air-jel dispersion cup by wash-
ing wiih distilled or demineralized water Add
distilled or demmeralized water, if necessary, so
that the total volume in the cup is 250 ml, but
nn more

Noil 10 — 1 he initial air pressure ol I psi is required
lo prevent the soil walei mixture from entering the
aii-jet chamber when ihe mixture is transferred to the
dispersion cup
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95 Place Ihe cover cap on the cup and open
Ihe air control valve until the gage pressure is 2o
psi (140 kPa). Disperse the soil according to the
following schedule:

PUslicily Index

Under 3
6lo20
Over 20

Diipcraon PrritMl,
mm

5
10
I )

Soils containing large percentages of mica need
be dispersed for only I min. After the dispersioa
penod, reduce the gage pressure lo I psi prepar-
atory to transfer of soil - water slurry lo the sed-
imentation cylinder

10. Hydrometer Test
10 I Immediately after dispersion, transfer the

soil - water slurry to the glass sedimentation cyl-
inder, and ad-1 distilled or demineralized water
until the total volume is 1000 ml

102 Using the palm of the hand over the open
end of Ihe cylinder (or a rubber stopper in the
open end), turn the cylinder upside down and
back for a penod of I mm lo complete the
agitation of the slurry (Note 11) At the end of I
min set the cylinder in a convenient location and
lake hydrometer readings at the following inter-
vals of time (measured from Ihe beginning of
sedimentation), or as many as may be needed,
depending on the sample or the specification for
Ihe material under test: 2, 5, 15, 30, 60, 250, and
1440 min. If the controlled water bath is used,,
the sedimentation cylinder should be placed ii
Ihe bath between Ihe 2- and 5-min readings.

NOTE 11 —The number of turns during this minule
should be approximately 60, counting the turn upudt
down and back as two turns. Any soil remaining in UK
bottom of Ihe cylinder during the first few turns should
he loosened by vigorous shaking of ihe cylinder whik
it is in Ihe inverted position.

10 3 When il is desired lo take a hydrometer
reading, carefully insert Ihe hydrometer about 20
lo 25 s before the reading is due to approximately
Ihe depth il will have when the reading is taken
As soon as Ihe reading is taken, carefully remove
the hydrometer and place il with a spinning
motion in a graduate of clean distilled or demio-
erah/cd water.

Nun 12 It isimporuni lo remove the hydrornel"
immediately after each reading Readings shall be U'c*
at the lop of ihe meniscus formed by the suspensKX
around the stem, since it is not possible lo sen"*
reading^ at the bottom ol Ihe meniscus

10.4 After each reading, take the temperature
of Ihe suspension by inserting the thermometer
Into Ihe suspension.

II. Sieve Analysis
III Alter takir the final hydrometer read-

ing, transfer the su- ension lo a No. 200 (75-u.m)
sieve and wash with up water until the wash
water is clear. Transfer the material on the No.
200 sieve lo a suitable container, dry in an oven
,l 230 ± 9T (110 ± 5*C) and make a sieve
analysis of the portion retained, using as many
neves as desired, or required for the material, or
upon the specification of the material under test.

CAUULA^ONS AND REPORT

12. Sieve Anlysu Vines for the Portioci
Coarser than the No. 10 (2 JO-mm) Sieve

12 I Calculate the percentage passing the No.
10 sieve by dividing Ihe mass passing the No. 10
seve by the mass of soil originally split on the
No. 10 sieve, « id multiplying the result by 100.
To obtain Ihe m*ss passing the No. 10 sieve,
subtract the mass .etained on Ihe No. 10 sieve
from the original mass.

122 To secure the total mass of soil passing
the No 4 (4.75-mm) sieve, add to the mass of
Ihe malenal passing the No. 10 sieve the mass of
the fraction passing Ihe No. 4 sieve and retained
M Ihe No. 10 sieve. To secure the total mass of
ml passing Ihe %-in. (9 5-mm) sieve, add to the
total mass of soil passing the No. 4 sieve, the
nass of the fraction passing the H-m. sieve and
retained on the No. 4 sieve. For the remaining
•eves, continue the calculations in the same
Manner.

12.3 To determine the total percentage pass-
ing for each sieve, divide Ihe total mas* passing
(«te 122 ) by the total mass of sample and mul-
My the result by 100

13. Hygroscopic Moisture Correction Factor
13.1 The hydroscopk moisture correction fac-

to* is ihe ratio between Ihe mass of the oven-
•'"ed sampk and the air-dry mass before drying.
'' is a number less than one, except when there
B no hygroscopic moisture.

'* Percentages uf oil in Suspension
141 Calculate the oven-dry mass of soil used

"i Ihe hydrometer analysis by multiplying the
•"-drv m.ivs hv the hvvnwimir m.itMurr ,-.<rt>-,-
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lion factor.
14.2 Calculate Ihe mass ofa total sample rep-

resented by the mass of soil used in the hydrom-
eter test, by dividing the oven-dry mass used by
the percentage passing the No 10 (200-mm)
sieve, and multiplying the result by 100. This
value is the weight If in the equation for per
ccntagc remaining in suspension.

14.3 The percentage of soil remaining in sus-
pension at the level al which the hydrometer is
measuring the density of the suspension may be
calculated as follows (Note 13): For hydrometer
I5IH:

F - |(IOO000/K/) x
NOTE 13—The bracketed portion of the equation

for hydrometer 151H u constant for a icnci of rndinn
and may be calculated firal and then multiplied by Ihe
portion in the pwenthejei

For hydrometer 15211:
r-(Ra/W)x 100

where:
a - correction faction lo be applied lo Ihe read

ingi f hydrometer 152H. (Valuesshown on
Ihes ak are computed using a specific grav-
ity of 2.65. Correction factors are given in
Table I),

f = percentage of soil remaining in suspension
at the level at which the hydrometer mea-
sures the density of the suspension,

R = hydrometer reading with composite correc-
tion applied (Section 7),

H' - oven-dry mass of soil in a total lest sample
represented by mass of soil dispersed (ice
14.2), g,

(i = specific gravity of ihe soil particles, and
(i, - specific gravity of Ihe liquid in which soil

panicles are suspended. Use numerical
value of one in both instances in Ihe equa-
tion. In the first instance any possible vari-
ation produces no significant effect, and in
Ihe second instance, Ihe composite correc-
tion for K is based on a value of one for GY

IS. Diameter ol Soil Particle*
15.1 The diameter of a particle corresponding

lo the percentage indicated by a given hydrome-
ter reading shall be calculated according lo
Stokes' law (Note 14), on Ihe basis that a particle
of this diameter was at Ihe surface of the suspen-
sion at the beginning uf sedimentation and had
settled to ihe level at which Ihe hydrometer is
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ing Io Suites' law

whcie.
/) — diamclci ol panicle, nun,
n = coefficient of viscosity of the suspending

medium (in I his cast water) in poiies( vanes
with changes in temperature of the sus-
pending medium),

/ distance from Ihe surface of the suspension
to (he level at which Ihe density of Ihe
suspension is being measuied, cm (For a
given hydrometer and sedimentation cyl-
inder. values vary according Io Ihe hydrom
ik'r readings (his distance is known as
elleiiivedeplh ( I able 2)),

/ = inlcival of lime from beginning of sedimen-
lalion to Ihe taking ol the reading, mm,

(/ — specific gravity of soil panicles, and
(/i - specific gravity (relative density) of sus-

pending medium (value may be used as
I INK) lor all practical purposes)

Nun M Since Stokes1 law considers (he itrmmal
vrloaly of a single sphere falling in an infinity oHiquid,
l he sues calculated represent the diame'er of spheres
lhai wnukl fall in Ihe same rale as Ihe soil particles

I s 2 for convenience in calculations Ihe
above i-gualiiMi may be wnllen as follows:

I) - A -Jl.lt

wheic
A - constant depending on Ihe temperature of

Ihe suspension and the specific gravity of
ihe soil |>articles Values of A for a range of
temperatures and specific gravities are given
in fable i The value of A does not change
for a series of readings constituting a lest,
while values ol /. and /do vary

I 5. \ Values of /J may he computed with suf-
liuenl accuracy, using an ordinary 10 in slide
rule

Null IS I he vjluf ol / is divided by / using ihc
( and It scales, the suuarr rool being indicated on Ihe

/"' scale Wiihoul ascertaining Ihe value ol Ihe square
nan ii nu> he multiplied by A, using eilher Ihc ( - or
( /-stair

16 Sieve Aiulysis V allies foi I'orlion finer Ihan
No 10(200 mm) Sieve

If) I Calculation ill percentages passing ihe
'.jnous sieves used in sieving the portion ol the
sample Ironi Ihe hydrometer lest involves several
slqis I he liisl step is Io tali ulale ihe mass of Ihe

liaclion thai would have been retained on a
No 10 sieve had it not been removed This ma,
is ei|ual to 'he lolal percentage retained on (L
No 10 sieve (KM) minus total percentage passî .
limes Ihc mass of Ihe lolal sample represent
by the mass of soil used (as calculated in 14 v
and the result divided by 100

Iri 2 Calculale nol the lolal mass passing ̂
No 200 sieve Add logciher Ihe fractional mas^
retained on all the sieves, including Ihe NO u
sieve, and subtract Ihis sum from Ihe mass of |^
lolal sample (as calculated in 142)

16 J Calculale not Ihe lolal masses passik
each of the other sieves, in a manner similar ^
thai given in 122

16.4 Calculale last Ihe lolal percentages pa*
ing by dividing Ihe lolal mass passing (as calc»
lated in 16 3) by ihe total mass of sample (*
calculated in 142), and multiply Ihe result ^
100

17. (,r»ph
I 7 I When Ihe hydrometer analysis is per-

formed, a graph of the test results shall be ma<k.
plotting Ihe diameters of ihe particles on a lop.
nlhmic scale as (he abscissa and ihe percenlafa
smaller Ihan Ihe corresponding diameters to u
arithmetic scale as the ordinate. When the hy
dromeler analysis is nol made on a portion of
the soil. Ihe preparation of Ihe graph is optional
since values may be secured directly from tabu-
lated data

18. Keport

18 I The repon shall include ihe following:
1 8 1 1 Maximum size of panicles,
1 8 1 2 Percentage passing (or retained onl

each sieve, which may be tabulated or presented
by plotting on a graph (Note 16).

18 II Description of sand and giavcl parti
cles

18 I i I Shape— rounded or angular.
181 12 Hardness—hard and durable, soil, &

weathered and friable,
18 I 4 Specific gravity, il unusually high a

low,
181 5 Any difficulty in dispersing the fiacm"1

passing Ihe No 10 (2 (X)-mm) sieve, indicalinl
any change in type and amount of <
agenI and

I 8 I f) Ihe disjK'ision device uscil and
len^lli ol ihr 'liS|X'rsion pcriiHf

iH 16—">is lahulaiion of graph represents Ihe
lion of ihc sample tested If particles larger than

JJJj contained in Ihe sample were removed before

«*!*
ihe repon shall so stale giving the amount and

lg 2 for materials tested for compliance with
specifications, Ihe fractions called for in

specifications shall be reported The frac-
smaller than th • No. 10 sieve shall be read
Ihe graph

jg.3 Foi materials for which compliance with
definite specifications is nol indicated and when
±f soil is composed almost entirely of particles
pssing the No 4 (4 75-mm) sieve, Ihe results
Kflj from the graph may be reported as follows:

I/I (iravel. passing 3-in and retained on ^
No 4 sieve

i]) Sand, passing No 4 sieve and re- ^
lained on No 2<t<> sieve

(a) Coarse sand, p .sing No 4 sieve %
and retained u,i No 10 sieve

I/,I Medium sand, pissing No 10
sieve and retained on No 40 %
neve

( < • ) Fine sand, passing No 40 sieve %
and retained on No 200 sieve

in Silt siie, 0 074 to 0 005 mm %

(4} ( lay sue smallci Ihan U 005 mm %
C'olloids, smaller Ihan 0001 mm %

18 4 For materials for which compliance with
definite specifications is nol indicated and when
the soil contains material retained on Ihe No 4
sieve sufficient to require a sieve analysis on that
portion, the results may be reported as follows
(Note 17):

Sn vi ANAI vsis

Sieve Si/e
1 in
2 in
I v;-m
I in
V«-m
VV^in
No 4 (4 75-mm)
No I0(200-mm)
No 40(425-um)
No 200(75-um)

Percentage
Passing

Mi itK ANAI vsis
0074 mm
0 005 mm
0001 mm

Non 17— No 8 (2 )6-mm) and No X) ( «X)-um)
sieves may be subsliluied for No 10 and No 40 ueves

I
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1ABIJ: I Vatanaf (arraettM tartar. .. far UMmM

Sa«rMc Cnrk*. _TSan l_nkW
IABI .K 2 <

Specific (Jravily

2 9 5
290
213
2 M
275
270
26)
260
2 ) 5
250
245

( orrectjon Factor4

094
095
096
097
091
099
100
101
102
10)
103

' For u«e in equation lor percenter of Ml
tuwemoa) when uaiag Hydrometer 1S2H

Hydrometer DIH

Actual
Hydrom

no
Rcadmi

IOOU
1001
1002
1003
1004
1005

1006
1007
1001
1009
1010

1011
1012
1013
1014
1015

1016
1017
1011
1019
1020

1021
1022
1 02)
1 024
1025

1026
1027
1021
1029
1 OKI

Effective
urpin.

.cm

16)
160
I- 1
1 5 5
152
150

14 7
144
142
139
137

1 ) 4
1) 1
129
126
123

12 1
II 1
II 5
II 3
110

107
105
102
100
97

94
92
19
16
14

Actual
Hy

drom-
eter

Read

0
1
2
3
4
5

6
7
1
9

10

I I
12
1)
14
15

16
17
II
19
20

21
22
23
24
25

26
27
21
29
30

Hydrometer 15211

FfJec

Depth.
L.cm

16 1
16 1
160
1)1
136
1 3 5

153
1 5 2
130
141
147

145
14)
142
140
1)1

1 3 7
1 )5
1))
1 ) 2
130

129
127
125
124
1 2 2

120
119
II 7
II 5
I I 4

Actual

dram
etei

Read-

31
32
33
34
35

36
37
31
39
40

41
42
43
44
45

46
47
41
49
50

51
52
5)
54
55

5*
57
31
59
60

"
tike

UV«
Pcntk
L.cm

II 2
II 1
109
107
106

104
102
101
99
97

9.6
94
92
91
19

II
16
14
13
1 1

79
71
76
74
7 )

7 1
70
61
66
6 5

1 ABI r 1 Valacf of K for 1 Itr la ra;aa

"'" ' — ~ - —— -— - -- ,rainrrilure.
Actual Actual " .,-

Hydrom rjepu,. drom llvt drom Uvt 16 001510 001505 001411
„"? l,cm £". ****''• J^ f>pla, |7 001511 001416 001402
neaaini Head L.cm Head L.c* (g 001492 001467 00144)

~ - . . !*i 19 001474 001449 001425
10)1 II K> 001456 001431 001401
1 032 71
103) 76 21 001431 001414 001391
1034 73 22 001421 001397 001374
1033 70 23 OOI4O4 001)11 001)51
10)4 61 24 001)11 001)63 001342
10)7 65 25 001)72 001349 001327
1 031 62

'Values of etftxlive deptk are calculated from Ihe equaî  27 UOI342 001319 001297
I m i + to f / — i Vm/A\\ *^ 001)27 0 Ot J0*4 Out 2S3

29 001312 001290 001269
**•" 30 001298 001276 00|2)6

f.i - dvlaace alont ike Hem of uV hydrumeter from tkr to.
of Ike bufc to Ike mark for a kydroraeter rcadma, c.

/.i - overall lenilk of Ike kydrometer bulb, cm, ' _^_ . .̂̂
I'l - vulumeofkydrometcrbuli. cm', and ('S^-*^~*=fZz:r$
/» - cra»«ecliiNialaR«ofialimcnlauoncykndeT. cm' vt--̂ =~T^^>'
Value, uied in catctibuat ike nluc* in Table 2 are at fatton •> / •
Fur both hydrometer!, DIHand D2H " ——— °'4 ——— "
/, - 140 cm
>. -670cm' /^l r\
A -271cm' / \
For hydrometer 151 H 1 \
L, - 10 3 cm for a readim of 1 000 .^^ '

- 23cmloran*duvaf 1.0)1 Q_)
F« hydrometer IS2H: *S3 Q\i
i, - I05cmfbrareadinf ofO(/1ilre S^ ^^f

- 2 3 cm lor a mdini of 50 |/huc \^^ ./

(o)

in 0001
mm 00)

rtM hr < M«Mh* [NaaKlrr of Partlck ta llydrymilir Aaaly»b

Specific Gravity of Soil PartK-lel

260 265 270 2 73 210 213

001457 001435 001414 001394 001374 001356
0014)9 001417 001)96 001)76 001)54 001)3*
001421 001399 001371 001)39 0013)9 001)21
00140) 001312 001361 001342 01323 001305
001316 0013*5 001344 001)2) 001307 001219

001)69 001341 001321 001309 001291 001273
001353 001332 001312 001294 001276 001251
001337 001317 001297 00)279 0.01261 001243
001321 001301 001212 001264 001246 001229
001306 001216 001267 00(249 0012)2 001215

001291 IOJU27?) 001233 0012)3 001211 001201
001277 001251 001239 001221 001204 OOIIII
001264 001244 0.0123) OOI2OI 001191 00117)
001249 0012)0 001212 00119) 001171 001162
0012)6 001217 001199 001 112 00116) 001149

1 / —— A A * . \
( i V - i

I- No. 16 BW Go '0.049*

Chroma Plottd^X^X.

^J'2 . -Punch\J d-^ "*"*
(b)

Metric Ka.«l>aleaU

0049 0203 '/i V.
1 24 5 16 12 7 190

FK, I D«ullof.Sllrrta|Pad«n
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I 3
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2 6
M

3 7 S
95 2

13F
- - - - - - -**'_----- • •
GcAama* Sboof Mate/

J'Hbod&umy-
I'Cork Insulation - - -

-.T

•I
?

Ik | 3 M 14 37
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Standard TMt Method for
AMOUNT OF MATERIAL IN SOILS FINER THAN THE NO.
200 (75-iim) SIEVE1

1^ *aadvd H uHMd uadcr ite fond IDII40-. Ihti
4_Ml «*)iiiio« of. IB ike OK at KVMU*. «* iwr ofM nrnm
. wtmnpl tpata (.) udicMH u «dboml <*M|* uc* ft* IM
fVj IMTW *<u tarn affront far mr ty agnna tfiki Dtfmtmim of Dtfaut mi for luU*t «• «*» <M> Ma </ 3pr(feauoM

at a temperature not exceeding 230 ± 9 F (110
± 5 O and weigh to the nearest O.OS percent, or
alternatively, weigh the lest sample moist and use
an auxiliary moisture content sample to deter-
mine the moisture conical of the sample. The
\ eight of the moisture content sample shall be
between 20 and 30 percent of the weight of the
test sample. Calculate the oven-dry weight of the
test sample from the moist weight and the mois-
ture content.

4.2 Place the test sample in the container, add
sufficient dean water to cover it, and allow to
soak a minimum of 2 h (preferably overnight).

4.3 Agitate the contents of the container vig-
orously and pour the wash water immediately
over the nested sieves, arranged with the coarser
sieve on top. Repeat the process of adding dear
water to the container to cover the sample, agi-
tating the contents of the container, and pouring
the wash water over the nested sieves until the
wash water is dear. When the total sample is
small, the entire contents of the soaking con-
tainer may be transferred to the nested sieves
after the first washing and the washing operation
completed in accordance with 4.4. The wash
water need not be saved.

Nora I—The prmrnnar value secured « the end
of the lot may aoi be comet (being too tow) for tmb
coauuniag relatively high perrmtian of the nunui 200
fraction This appears to be due chiefly to inadequate
•sitauof). When it is dewed 10 secure the exact per-

I.Scot*
I . I This method coven determination of the

toul amount of material in JOib finer than the
No. 200 (75-«iin) sieve.

I Atfaratw
2.1 Sieves — A nest of two sieves, the tower

boot a No. 200 (75-(im) sieve and the upper a
No. 40 (423-um) sieve, both conforming to
ASTM Specification E 1 1, for Wire-Cloth Sieves
for Testing Purposes.1

2.2 Containers — A pan or vessel of sufficient
sue 10 contain the test sample covered with water
ind to permit of vigorous agitation without ad-
vertent loss of any part of the sample, and a
stcond pan or container for use in drying the test
sample after washing.

3. Teat Saa»fc
3.1 The test sample shall be selected from

material that has been thoroughly mixed. A rep-
raenuuve sample, sufficient to yield not less
than the approximate weight of dried material
shown in the following table, shall be selected
using a sample splitter or by the method of
quartering:

Noouul Duaacr of
LUBM Pirack. IB.

0 0717 (No Id wvc) (2.0 mm)
01 17 | No 4 we) (4 75 KB)
« . ( l « 0 m m )
I (250 mm)
IVioravcr(}7 5 mo)

ofhBffc.|
200
MO

1300
2000
2)00

< Procedure
4 I Dry the test sample to a constant weight

1 Thu method a uadct Ike juntdKtxM of ASTM Commiiwt
D.|S<MSoiliMllU>cfc.

Cuncal BteM wnn«d Sept. 15. 1954. OnpMtty amd
1950 ReptaCM D1140 - X> T

' tiuinal took of ASTM .SaiMbvrfi, Vofc 04.01.04 02.04 06.
05 05, tad 14.02.

235
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cenlage for the miaia 200 fncooa for such i wil. the
portion of toe Maple pm»m Ute No. 40 neve and
retained on the No. 200 nevr tecured ID the washing
ffmnrai shall be transfcmd 10 the dnpemon cup of
the «vring apparatus used io Method D422, Puticle-
Suc Aniryw oTSoib,'the oip filled half full with wmler
tod the contents agitated for I nun. AAer Uui agitation
(he contents of the cup thai! be tnmfcmd to the nested
Beva tod washing coodouod

If the Aining apparatus has oot been ujed poor to
the dryin| of the portion of the •ample Uifer than the
No. 200 (75-tim) sieve, and ii it dewed 10 do «o after
drying, the dried material thill be separated on the No.
40 (425-um) sieve; the portion retained shall be »ved;
aod the portion psaaiDg shall be placed in the dupemoa
cup with water and aghastd for I nun with the tuning
apparatus a* previously deaoibed. The conicnu of the
cup ihall be (rarufcrred to the No. 200 aeve, wMhed,
and dried. The revifed total weigbl retained on the No.
200 neve shall be Mcurad by ooabiaiag aod ««ighitt|
the rwo (racoon*.

4.4 Transfer the sample to the nested sieves
and wash with running water (Note 2). When the
sample is laifer than out be handled at one time
on the nested sieves, wash a portion of the sample
and transfer to the container in which it is to be
dried

NOTE 2—Tappwg of urvct bat been found 10 ex-
pedite the w«hiaf operabom.

4.5 Dry the washed material retained on tht
nested sieves in a container to a constant weigh
at a temperature not exceeding 230 ± 9 F (1 10
± 5 C) and dry-sieve it on the nested sieves (Nok
3). Weigh the dry material retained on the neaej
sieves to the nearest 0.05 percent

NOTE 3— Some material pam the No 200 ( 75-fiM)
neve oo dry sieving that did not paadunng the m^nj
operation. When desirad, a sieve anarysu may be ma*
oo the portion of the sample retained oo the No. 200
sieve, in accordance with Method O422*

5. CaJntethM
5. 1 Calculate the results as follows:

100
P " percentage of material finer than No 200

(75-jim) sieve,
W. - weight of original sample on an oven-do

basis, gand
W, - oven-dry weight of sample after washiot

and dry-sieving, g

> Aivoul took t>i ASTM Sumdordi. VoiMOl

The Amtnavt Sontiyjoi Tnutf oW Utunah uka no paiuum raftaiag il* valuta? a/my pauiu ng>>u autntd in caunai»
wall t*r turn mimin*t in tku *mt*4 Van afiku juut&rd an Ofnufy <rf>mW Jtmi *ui mtHmum c
paumnttu. ati ike ojt afu+uifimm cfmdi nftu. an imintf iktir mm

Tku ntutltnlu a+jta to rmatm atony lime tyikt mpoiuMe urluucal commuter aW mult bt rmnutd ntryfitt vtun f*
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Designation: D696 - 78 An Amwlcwi Ntttonaf SUnd*a

* 6c«

Standard TMt Method* for
MOISTURE-DENSITY RELATIONS OF SOILS AND SOIL-
AGGREGATE MIXTURES USING 5.5-lb (2.49-Kg) RAMMER
AND 12-in. (3O5-mm) DROP1

Tim .umi.ru u U«M| wder ike (iied deaituuoo D 6»«. Ike .uaibci uuwttauly foUowwa "« dcaitMUo. i»*eM« ike
«U TZnZL «fc»uo.o..» UK ca~ of ~«U ikt r<ai of IM •«»•»• A au.bc, u. p«t»U«e.u,«kcai«lk«y«aiof u»
7 ____l"i ._—1—.-j ™.i^. (,) ndioua u editorial rkiay tiacc Ike tan icniioc of itapproval

for UK by «totclr. ^ <*. OtpvttiM of Dtftiut W/Of «•*•» *• <»« DeD ImJtM of

tested. If no method is specified, the provisions
of Section 5 shall govern.

2. ApHlciMf PocaatenU
21 A STM Standards
C 127 Tesl Method for Specific Gravity and

Absorption of Coarse Aggregate1

D854 Tesl Method for Specific Gravity of
Soils3

D2I68 Methods for Calibration of Labora
lory Mechankal-Rammer Soil Compac-
tors'1

U22I6 Method for Laboralory Determina-
tion of Water (Moisture) Content of Soil,
Rock, and Soil-Aggregate Mixtures3

P2487 Test Method for Classification of
Soils for Engineering Purposes3

D2488 Practice for Description and Identifi-
cation of Soils (V sual-Manual Procedure)'

H 11 Specification for Wire Cloth Sieves for
Testing Purposes'

I. Scope
II These laboratory compaction methods

cover the determination of the relationship be-
tween the moisture content and density of soils
and soil-aggrcgftc mixtures (Note I) when
compacted in a mold of a given size with a 5.5-
lb (2.49-kg) rammer dropped from a height of
12 in. (305 mm) (Note 2). Four alternative
procedures are provided as follows:

111 Method A A. 4-in (101.6-mm) mold;
material passing a No. 4 (4 75-mm) sieve;

1 . 1 . 2 Method B A 6 in (152.4-mm) mold,
material passing a No 4 (4 75-mm) sieve;

1 . 1 . 3 Method C A 6 in (1524-mm) mold,
material passing a *<-in. (19 0-mm) sieve, and

1 . 1 . 4 Method D A 6-m ( 1 5 2 4-mm) mold
material passing a *« in (19 0-mm) sieve, cor
reeled by replacement for material retained on
a V<-m sieve

Noiu I Soils an d soil-aggregate mixtures should
be regarded as natural occurring fine- or coarse-
grained soils or composites < r miilurcs ol natural
toib. or mixtures of natural and processed soils or
aggregates such as si l l , gravel, or crushed rock

f4oTK 1 These laboralory compaction lesl meth-
ods when used on soils and soil-aggregates which are
nol free-draining will, in most case*, establish a well-
defined optimum moisture content and maximum
density (see Section 7) However, for free-draining
toils and soil aggregate mixtures, these methods will
not, in many cues, produce a well defined moisture-
density relationship and the maximum density ob-
tained will generally be less than Ihal obtained by
vibratory methods

I 2 Ihe method to be used should be indt
calcd in the specifications for the mater ia l Ixruit

3. Apparatus
31 Molds The molds shall be cylindrical

in shape, made of ngid metal and be within the
capacily and dimensions indicated in 3 I.I or
3 .1 .2 . The molds may be the "split" lype, con-
sisting either of two half-round sections, or a

1 I hex incllMKj* 4rt under the jurisdiction of AS I M Cotn
mince 1> 18 on Sol <nd Rock

Currcm niilion appiowJ Apnl 27. 1978 Published Jut'
I S i ? H (>n|inally published u 1)698 - 42 I Last pnvHMU c"»
lion 1)691 70

1 innual gaai u/ filM SlaaJai^, Vuh IM 02 ami IM 01
VollM 08

i, VoliCMOl 040MMU".
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section of pipe spin along one clement,
which c.m lie sccuicly locked logclhci lo form
j cylmdei meeting (he requirements of this
^•clion I he molds may also IK' the "Upci"
type, pioviding the inlernul liiamelci taper is
uniform and is not more than 0 200 in ./linear
ft ( 1 6 . 7 nim/lineur m) of mold height. Kach
mold shall have a l>asc plate assembly and an
extension collar assembly, both made of rigid
nielal and constructed so they can he securely
attached lo or detached from the mold The
extension collar assembly shall have a height
extending above the lop of the mold of at
least 2 in (SO H mm), which may include an
upper section that flares out lo form a funnel
provided iheie is at least a '/4-m (19 mm)
tliaight cylindrical section l>enealh it .

. V I I Mold. 40 in ( 1 0 1 6 mm) in di.imc
icr. having a cap c i ty of '/to ± ().(KM)4 ft' (944
± I I cm') and c nforrning lo Fig. I.

3.1 2 Mold, 6 i in. (152.4 mm) in diameter,
hiving a capacity of Via.au ± 0.0009 f\J (2124
± 25 cm3) and conforming to Fig. 2.

3 . 1 . . 3 The average internal diameter,
height, and volume of each mold shall be
determined before initial use and at intervals
nut exceeding 1000 limes the mold is fil led.
The mold volume shall be calculated from Ihe
jvcuge of at least six internal diameter and
ihree height measurements made lo Ihe near-
est 0 001 in (0.02 mm), or from Ihe amount
»[ water required lo completely f i l l Ihe mold,
corrected for temperature variance in accord-
ance with Table I If the average internal
diameter and volume are not within the tol-
erances shown in Kigs I or 2. the mold shall
nol be used The deteimined volume shall lie
used in computing the required densities

3 2 Hiiinnit'i The rammer may be ci ther
in.mil,illy operated (sec 1 2 I) or mecham-
ully o|H.-ialcd (see .1.2.2). Ihe l an imer shall
(.ill f i e e l y Ih iough a distance of I J II » ' / i t , in
004.H > 1.6 mm) from Ihe su i facc of the
specimen The manufactured weight of the
rummer shall be 5.5 i (I 02 Ib (2 4 l> > 0 III
kg) The specimen conlacl face shall IK- fl.it

3 2 . 1 Manual Rammer The specimen con-
tact face shall be circular with a diameter of
2000 ± 0005 in (5080 ± 0 1 3 mm) The
'ammcr shall be equipped with a guide
ileeve which shall provide sufficient clearance
so ihal Ihe free fall of Ihe rammer shaft and
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head wil l nol be restricted. The guideslecve
shall have four vent holes at each end (eight
holes total) located with centers *< ± v.« in
(19.0 ± 16 mm) from each end and spaced 90
deg apart The minimum diameter of the vent
holes shall be * in. (9.5 mm).

. 1 . 2 2 Mechanical Rammei — I he rammer
shall operate mechanically in such a manner
as lo provide uniform and complete coverage
of the specimen surface. There shall be 0 10
t 0.0.1 in. (2 .5 • 0.8 mni)cleaiance between
the rammer and the inside surface of the mold
al Us smallest diameter When used with the
4.0-in ( 1 0 1 6 mm) mold. Ihe specimen con
lael face«hall lit circular with a diametei of
2000 ± 0005 in (50.80 1 0 II mm) When
used with the 6.0-in. ( 1 5 2 4 mm) mold, the
specimen contact face shall have the shape of
a section of a circle of a radius equal lo 2 ')()
1 0.02 in (7.1.7 t 0.5 mm) The secloi face
lammei shall operate in such a manner Ihal
Ihe vertex of Ihe sector is (Missioned al the
center of the specimen Ihe mechanic.il lam
mer shall be calibrated and adjusted, as nee
esvuy. in accordance with 121

3.2.3 (.'atibrulum and Adjustment Ihe me
chamcal rammer shall be calibrated, and adjusted
as necessary, before initial use; near Ihe end of
each period during which Ihe mold was filled
1000 limes; before reuse after anything, including
repairs, which may aiTecl the test results signifi-
canlly; and whenever the lest results are qucs
lionable. Kach calibration and adjustment shall
be in accordance with Methods 1)2168

11 Sample I \liuiter (option.il) A j a c k .
Ir.ime or othei device .idapled lor the purpose
ol denuding compacted specimens liom Ihe
mold

.1.4 Hiilancf\ A b.ilance or stale ol al
least 20-kg capacity sensitive lo r I g anil a
b.ilance of al least I (KM) g capacily sensitive
to M I D I g

3.5 Drying Oven, thermostatically con-
trolled, preferably of the forced-draf) lype, c«
pable of maintaining • temperature of 230 ±
9°K ( 1 1 0 ± 5°C) for determining the moisture
content of the compacted specimen.

3.6 Straightedge- A stiff metal straightedge
of any convenient length but nol less than 10
in (254 mm) The scraping edge shall have a
slraighlness tolerance of ±0.005 in ( ± 0 1 3 mm)
and shall be beveled if a is thicker than * in



(3 nun).
3.7 Sievr.1. 1 in (75 nun). '/« in (190

mm (and No 4 (4 7.S-H1III). conforming lo Ihe
requirements ol Specification I: 11

38 Miung /<>«/A — Miscellaneous tools
such as mixing pan. spoon, (rowel, spatula
etc . . or a suitable mechanical device for Ihoi-
oughly mixing the sample of soil with mcic
ments of walei

4. Procedure

4.1 Spetimen I'lepuralum - Select a rcpre-
sentalivc portion of quantity adequate lo pro-
vide, after sieving, an amount of material
weighing as follows: Method A - 2 5 Ih (II
kg), Methods B. C, and D - 50 II) (23 kg).
Prepaie specimens in accordance with cither
411 through 4 I I 01 41 4

411 Dry Preparation Piviedure - If Ihe
sample is I<M> damp to be friable, reduce the
moistuie content hy drying until (he material
is friable, see 4.1 2 Drying may be in air or
hy Ihe use of a diying apparatus such that Ihe
temperature of (he sample docs not exceed
I40°F (60°C) After diying (if required),
thoroughly bieak up (he aggregations in such
a mannet as lo avoid reducing Ihe natural size
of Ihe panicles Pass the material through the
specified sieve as follows: Methods A and H —
No 4 (4 75-mm); Methods C and D -'/.• in
(190-mm) Correct for oversize material in ac-
cordance with Section 5, if Method D u speci-
fied

412 Whenever practicable, soils classified as
ML, Cl, OL, CiC, SC, MM, CH, OH and PT by
Test Method U 2487 shall be prepared in accord-
ance with 4 . 1 . 4 .

4 I 3 Prepare a sencs of at least four speci-
mens by adding increasing amounts of water lo
each simple so that Ihe moisture contents vary
by approximately I'/j % Ihe moisture contents
selected shall bracket Ihe optimum moisturr con-
tent, thus providing specimens which, when com-
pacted, will increase in mass to the maximum
density and thru decrease in density (see 72 and
7 3) Thoroughly mix each specimen lo ensure
even distribution of moisture throughout and
then plate in a separate covered conlainei and
allow lo jund pi mi lo compaction in accordance
with lahle 2 Lor the purpose of selecting a
sumling lime, it is not icquired lo peifbim the
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actual classification procedures described in Test
Method D24U7 (except in Ihe case of referee
testing), if previous data exist which provide a
basis for classifying the sample

4.1.4 MOM Preparation MelhuJ—'l'he fol-
lowing alternate procedure is recommended for
soils classified as ML, CL, OL, GC, SC, MH,
CH. OH, and PT by Test Method D2487 With-
out previously drying Ihe sample, pass it through
Ihe % in (I9.0-mm)and No 4(4 75-mm) sieves
Correct for oversize material in accordance with
Section 5, if Method D is specified. Prepare a
series of at least four specimens having moisture
contents that vary by approximately I 'A % The
moisture contents selected shall bracket the op-
timum moisture content, thus providing speci-
mens which, when compacted, will increase in
mass to the maximum density and then decrease
in density (see 7 2 and 7.3). To obtain the appro-
priate moisture content of each specimen, (he
addition of a predetermined amount of water
(see 4.1.3) or Ihe removal of a predetermined
amount of moisture by drying may be necessary.
Drying may be m air or by Ihe use of a drying
apparatus such lhal the temperature of the spec-
imen does not exceed I40'F(60'C) The prepared
specimens shall then be thoroughly mixed and
stand, as specified in 4.1.3 and Table 2, prior lo
compaction.

Noit 3 Wilh piac-|u:c, it is usually possible lo
visually judge Ihe point of optimum moisture
closely enough so thai Ihe prepared specimens will
bracket ihc point of optimum moisture content

4 2 Specimen Compaction- Select Ihc
proper compaction mold, in accordance wi th
Ihe method being used, and attach the mold
extension collar Compact each specimen in
three layers of approximately equal height
Lach layer shall receive 25 blows in ihc case
ol Ihe 4 in (101 d mm) mold: each layci shall
receive 56 blows in (he case ol Ihc 6 in
(152 4 mm) mold Ihc total amount ol ma
terial used shall be such lhal the thud com
paclecl layer is slightly above Ihe lop ol Ihe
mold, hut not exceeding '/« in (ft mm)
During compaction the mold shall rest on a
uniform rigid foundation, such as piovidcil l>v
a cylinder or cube ol concrete weighing not
less than 200 Ih (41 kg)

J. J I In cj|H.ialmg Ihc manual I.IIIIIIKI
c a r e - shal' 'akc-n lo avoid rchouncl ol the
ranimci I. ( ic- lop end of I l ic- guic lcslccvc

«Slt>
I he guidcslceve shall he held steady and
within 5 dcg ol the vci l ieal Apply Ihe blows
al a uniform talc not exceeding appioximalcly
I 4 s |«.i blow and in such a manner as lo
provide complete coverage ol Ihe specimen
su r f ace

4 2 2 1 ollowmg compaction, remove Ihc
extension col lar , carefully I rim Ihc compacted
specimen even with the I up ol I lie mold by
means ol Ihe straightedge and deleiminc Ihe
muss of ihc specimen Divide Ihe mass ol Ihe
compacted s; cimen and mold, minus the
mass ol Ihc m,.ld, by I lie volume ol Ihe mold
(see 3 1 3 ) Record the result as I lie wet
density. y,,,, in pounds per cubic loot (or
kilograms pel cubic metre) ol III*, compacted
specimen

4 23 Kerno c I he rnalciial liorn Ihe mold
Determine mo.slurc content in accordance
wi th Method l)22!r». using cilhci the whole
specimen or alternatively a repiescnlalive
specimen ol the whole s|>ccimcn Ihc whole
specimen must he used when Ihc pcimc.ibihiy
ol the compact < d specimen is high enough so
thai Hie moisture content is nol dislubuicd
uniloiinlv llnoughoul II I he whole specimen
is used, bieak it up lo faci l i tate drying Obtain
the rcprc-scnlalivc specimen by sluing the
compacted specimen axially through the ccn
lei and removing KM) lo 500 g ol material
lioin one ol Ihe cut laces

424 Kc|XMl 42 through 42 3 lor each
specimen prcpaicd

5. Oversi/e t orrei lions

5 I II 311 '< 01 more ol the sample is
retained on a ' < • > in (IV 0 mm) sieve, then
none ol Ihc me I hods described under these
me I hods shall l>c iscd lor tin determination
ol cilhci maximu > density or optimum mois
line content

5 2 Meiin>il\ A and W — The ni.iicii.il ic
lamed on Ihe No 4 (4 75 mm) sieve is chs
carded and no oversize correction is made
However, il is recommended lhal if Ihc
amount ol malcnal retained is 7 '", 01 gic.iler.
Method C lie used instead

.5 3 Mfihod C- Ihe m.tlciial ict.iiMcd on
the '/< in (IV (I nun) sieve is discaidcd arid
no ovei si/t t or it lion is made However. if
Ihe amount of IP 'c-nal iclaincd is 10 '< 01
greater, it is rcc t idcd lhal Method f) be
used instead
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5 4 Method D
541 I his method shall not he used unless

the amount of material letanu'd on Ihe '/< in
(IV 0 mm) sieve is 10 % or greater When
Ihc amount of material retained on Ihe '/.in
sieve is less than 10 %, use Method C

542 Pass Ihe material retained on Ihe '/•
in (I'J Omm) sieve through a 3 in or 75 mm
sieve Discard Ihc material retained on the 3
in sieve The material passing Ihe 3 in sieve
and retained on Ihe V< m sieve shall he
replaced with an equal amouii; of rnalciial
passing a '/« in sieve and retained on a No 4
(4.75-rrtm) sieve. The material foi replace-
ment shall he laken fiom an unused portion
of Ihe sample

6. Calculations

61 Calculate Ihe moisture content and Ihc
dry density of each compacted specimen is
follow

B- |M «!/<« O| -. KM)
and

y./ - |y»./
where

w - moisture conic-ill in percent ol the coin
pacled specimens,

A muss of container and moist specimen
B - mass of container and oven-dried spec

irnen.
C - mass of container,
yj — dry density, in pounds per cubic fool (or

kilograms per cubic metre) of the com-
pacted specimen, and

y,,, wet density, m pounds per cubic loot
(or kilograms per cubic metre') ol (lie
compacted specimen

7. Moisture-Density Relationship

I f-'"'" Ihc data obtained ,r. 6 I p|,,i ihc
density values as oidmalcs wi th t-o.re

>d.n. mo,slure contents as abscissas Draw
Also rt CUrVC C0nneclln8 thc P'ol'ed pointsAlso draw . curve ,ermed (he ..curve J°
plete saturation" or "zero a,r voids curve" on
£M>|O, This curve represent the relationship
between dry densily and corresponding rno.s-
"re contems when the voids are completely

''»e<J with water Values of dry dens.ty and
^'"espondmg mo.s.ure umtenls lor p|,,llln(,



puled using the following equation:

w..i " 1(62 4/y,,) (I/G,)| x 1IX)

where.
»•„, moisluie . onlenl rn percent for com-

plete satu ation,
y,, dry density in pounds per cubic foot

(or kilogiams per cubic metre),
G, specific gravity of the material being

tested (see Note 4), and
62 4 density of water in pounds pei cubic-

fool (or kilograms per cubic metre).
Noit 4—The specific gravity of Hie material can

either be assumed or basal on the weighted average
values of: (a) the specific gravity of the material pacing
the No 4 (4.75-mm) neve in accordance with Test
Method D854; and (A) the apparent specific gravity of
the material retained on the No. 4 sieve in accordance
with Test Method C127

7.2 Optimum Mixture Content, w, — The
moisture content corresponding to the peak
of the curve drawn as directed in 7.1 shall be
lermined the "optimum moisture content."

7.3 Maximum Density, >•„,., —The dry den-
sity in pounds per cubic fool (or kilograms per
cubic metre)of the sample at "optimum mois-
ture content" shall be termed "maximum
density."

8. Report
HI The report shall include the following.

TABLE 1 V. e of Water per threat baaed «•

Temperature, 'C (*F)
12(536)
14(572)
16(608)
18(644)
20 (68 0)
22(716)
24(752)
26 (78 8)
28 (82 4)
30(860)
32 (N 6)

Volume at Waler

100048
100073
100103
100138
1 00177
100221
100268
100320
100375
1 01X35
I004V7

ml/g

4 Values mhei than ^hown may be obuined by icfcrring
((> Ihe Handbook of Chemistry and Physic*. Cnemic«l
Rutobei Pubishiiig t'<> . Cleveland. Ohio
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8 . 1 . 1 Mclhod used (Mclhod A, H. C. or

81 2 Optimum moisture content
8 1 . 3 Maximum density
814 Description of rammer (whether

manual or mechanical)
8.1.5 Description of appearance of material

used in test, based on Practice D2488 (Test
Method D2487 may be used as an alternative).

8.1 6 Origin of material used in lest
817 Piepaialton procedure used (moist

or dry).

9. Precision
9.1 Criteria for judging Ihc acceptability of

the maximum density and optimum moisture
content test results are given in Table 3. The
standard deviation, s, is calculated from the
equation:

»' ' ,lu -i)'n i l
where:
n - Dumber of determinations,
x - individual value of each determination,

and
x — numerical average of the determinations

lions.
y 2 Criteria for assigning slandaid devia-

tion values for single-operator precision are
not available at Ihc present lime.

TAtl.E J Dr>rrc»*ral»i>iiMrtbo<1-
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(lauitkalion I) 2487

G W . t i P . S W . S P
(jM.SM
Ml .Cl ,OI ,<i( SC
Mil (II OH PI

Minimum Slandmg Time,
h

no requirement
3

18
36

TABLE J TABU, 4 ftli lih I ii»liil<«laliii llji I ••«• T

Acvcp4abk

SMf It oftratr fntlMiou:

Muiaum denariy
Oplmux moulure coalcai

±1.66
t086

Mew Val

19
95

40
150

' Thii column mdicalei a limiung lange of valuei whtch
ikould IMM be cuzeded by Ihe difletencr between any two
results, eipfettcd as • peroenlate of the average value In
mopeiative tea progiams it has been determined thai 95 %
at the leili do not eiceed Ihe limiting acceptable ranges
skuwn below. All values shown in this I able are based on
iveiage test results horn a variety of different soib and are
subject lo future revision.

in

11(116
0020
•In
'/it
'/•
'/»
"/i,
V,
'/i
'/•
2
21/,
4
4'/4

4'/i
« 5M
6
6'/i
8

II1

Vi. -
UOO4
'/,,,,,
00009

mm

0 41
066
080
1 6
) 2
64
8 7
9 5

IJ 7
15 9
508
63 5

101 6
1080
114 3
11643
1524
165 1
203 2

on'

444
II

2124
25
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s ir
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DMJgnatton: D 2435 - 80
An American NaiOanal Stand*,*

Standard Test Method for
ONE-DIMENSIONAL CONSOLIDATION PROPERTIES OF
SOILS1
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1. Score
I I Thu IUCUKJU uovers a procedure for deter-

mining ihe rale and magnitude of consolidation
of soil when it is restrained laterally and loaded
and drained axially.

1.2 The values stated in SI units are to be
regarded as the standard. The values staled in
inch-pound units are approximate.
2. AM"raslfDiin»i«H

2.1 ASTM Standards
D422 Method for Partide-Sia Analysis of

Soils'
D423 Ted Method for Liquid Limit of Sous'
D424 Ted Method for Plastic Limit and PUs-

ualy Index of Soil*'
D854 Ted Method for Specific Gravity of

Soils'
DI587 Method for Thin-Walled Tube Sam-

pling of Soils'
D 2216 Method for laboratory Determination

of Water (Moisture) Content of Soil Rock,
and Sod-Aggregate Mixtures'

D3550 Practice for Rio* Lined Barrel Sam-
pling of SouV

3. Sawawry of Method
3.1 The method requires ibal an element of

soil be restrained laterally and axially loaded
in increments with a constant stress being ap-
plied until all of the excess pore water pressures
have dissipated for each increment. During Ihe
compression process measurements of decrease
in the sample height are made and these data
are used to compute Ihe parameters thai de-
scribe Ihe relationship between Ihe effective
stress and void ratio or strain and describe the
rate al which compression can occur.

4. SifaMkaace and Use
4 I The compressibility of soils as deter

ly following UK a—........
u pwMbmixJtcwc*

— ompprovaL

mined from ihii lest u one of the most

testing. The data from the consolidatiou tat
be used lo develop an fttinmir of both the

: and the amount of both differential andrate___ ^^_ _ MM»--MTII ug uma uifiercnual mtt4
total settlement of a structure or a landfill
"•»'•••«*- of this type are often of key impor-
tance in first alerting a foundation type and
secondly in evaluating its adequacy.

5.1 Load Device—A. suitable device for ap-
plying vertical loads to the specimen. The de-
vice should be cap* bk of maintaining specified
loads for long periods of lime with an accuracy
of ± 0.5 % of the applied load and should
permit application of a given load incremeat
within a period of 2 s. without •ig '̂fk'a"! iav
pact.

5.2 CoHtolioointter A device lo hold the
specimen in a ring which is either fixed lo the
base or floating (supported by friction on pe-
riphery of specimen) with porous stones oa
each face of the specimen. The consolidomcMr
shall also provide means for submerging the
specimen, for applying a vertical load, and for
measuring the change in height of specimen
The consolidomeler ring shall conform to th*
following requirements:

5.2.1 Minimum Specimen (King) Diameter—
The minimum specimen diameter shall be 50
mm (2.00 in.), and shall be al least 5 mm (*

' Tkm meOtaa m **&, ike juradKOo* of ASTM Cow"**
r>ll am Sat mA Ruck M* • *e dmd i^iu.rtiikfr •
Submmmnt* Dll 05 am SttwOMal Frapmn at So*.

OimMetfiUM^inmdOci II. IMO r̂ *ed Deo*"*
I MO <>««•> piMitnl« D 24 J i - 65 T LM PRVWM «*
Don D 24)1 - 70.

> Ama~l fa<* of ASTH Slmnlantl, VoKMOt
1 DwMMuol. lot I9»} 4*uul took of ASTM Su****

VulMO*

ID.) less than the inside diameter of the sample
lube if samples are extruded and trimmed.

5.2.2 Minimum Specimen Height—The min-
imum specimen height shall be 13 mm (0.5 in.)
IHII shall be not less than 10 limes the maximum
particle diameter.

5.2.3 Minimum Specimen Diameter-la-
Height Ratio—The minimum specimen diam-
eter-to-heighi ratio shall be 2.5.

5.2.4 Rigidly—The. rigidity of the ring shaU
be such thai, under hydrostatic stress conditions
10 the specimen, the change in diameter of the
ring will not exctul 0.03 % of the diameter
under the greatest load applied

5.2.5 The ring shall be made of a material
ibal is noncorrosive in relation lo the soil tested.
The inner surface shall be highly polished or
shall be coaled wr i a low-friction material.
Silicon grease is rt jommeoded or polytetra-
fluoroethylene for nonundy soils.

5.3 forma Stones—The porous stones shall
be of silicon carbide, aluminum oxide, or metal
thai is not attacked by the soil or soil moisture,
fbe grade of the stones shall be fine enough to
prevent intrusion oi soil into the pores of the
•one. If necessary, a filler paper' may be used
to prevent intrusion of the soil into the stones.
However, the permeability of the stones, and
filter paper, if used, must be sufficiently high
u prevent retardation of the drainage of the
qwtimen. The stones shall be dean and free of
cracks, chips, and nonunifonnilies.

5.3.1 The ^H-rv^"- of the top stone shall be
0.2 to 05 mm (0.01 to 0.02 in ) less than thai of
Ac inside diameter of the ring. If a floating
nag is used, the bottom stone shall have the
Mme diameter as the top stone. The use of
ispered stones is recommended, with the larger
tamcler in contact wit' the soil.

5.3.2 The stone Ihkl icss shall be sufficient
lo prevent breaking. 1 ue lop stone shall be
haded through a corrosion-resislanl plate of
Mfficienl rigidity lo prevent breakage of (he•one

5.4. Storage— Storage of sealed samples
fcould be such that no moisture is lost during
Korage, thai is, no evidence of partial drying of
•e ends of the samples or shrinkage. Time of
torage should be minimized, particularly when
be soil or soil moislur is expected lo react
1th the sample lubes.

5.4.1 Sample Preparation Environment -

D2435

Test specimens shall be prepared in an environ-
ment where soil moisture change during prep-
aration does not exceed 0.2 4. (A high humidity
moisture room is usually used for this purpose.)

5.5 Temperature— Tests should be per-
formed in an environment where temperature
fluctuations are less than -t 4°C (7.2°F) and
there is not any direct contact with sunlight.

5.6 Trimmer, or cylindrical culler, for trim-
ming the sample down to the inside diameter
of the consolidomeler ring with a minimum of
disturbance. The cutter shall have a highly
polished surface and be coated with a low-
frictioo material.

5.7 Balance, sensitive lo 0.1 g or to 0.1 % of
the total mass of the test specimen.

5.8 Drying Oven, that can be maintained
uniformly at 110 ± 5°C (230 ± 9°F) A foiced-
draft oven iiYecommended.

5.9 Extensomeler. to measure change in
height of the specimen with a sensitivity of
0.0025 mm (0.0001 in.).

5.10 Miscellaneous Equipment, including
spatulas, kn ves, wire saws, used in preparing
the specimen.

5.11 Moisture Content Containers, shall be in
accordance with Method D 2216.

6.1 Relatively undisturbed samples should be
obtained and used for consolidation testing be-
cause Ihe meaning/illness of the results dimin-
ishes greatly with sample disturbance. Method
D 1587 and Practice D3550 cover procedures
and apparatus thai may be used lo obtain satis-
factory samples for testing.

7. SpechBea: Preparation (Note 2)
7.1 Prepare the sample in an environment in

accordance with 5.4.1. Trim Ihe specimen lo
ihe inside diameter of the consolidomeler, forc-
ing it directly into ihe ring during dimming
Trim u flush with the plane surface of the ring.
For soft lo medium soils, a wire saw should be
used for Inmming Ihe top and bottom of the
specimen lo minimize smearing. A straightedge
with a sharp culling edge may be used for the
final trim after the excess soil has firjl been
removed with a wire saw. For stiff soils, s
sharpened straightedge alone may be used for
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mimmng (he lop and boliorn II desired, the
specimen height may be made less than the
nng height by partial extrusion and trimming,
provided Ihe minimum specimen thickness re
quiicmenls in 522 and 523 are met. A spcci
men nng with (he culling edge attached pro
vides the most accurate fit in moist soils

Mom- Precaution* should be uken lo mimmiu
disturbance of ihc »oil or changes m moisture and
density during sample transportation and preparation
Vibration, distortion, and compression must be
HvOklcd

72 fibrous soils, such as peal, and (hose soils
lhal are easily damaged by trimming, may be
transferred directly from the sampling tube lo
Ihe nng provided lhal Ihe nng has Ihe same
diameter as Ihe sample lube.

73 Specimens obtained using a nng lined
sampler may be used without poor tnmming,
provided they comply with the requirements of
Practice U 3550 and this method

74 Determine the mass of the specimen in
the consolidation nng.

8 CaliWalloa
8 I Assemble Ihe consolidomeler with a cop-

per or hard steel disk of approximately Ihc
same height as Ihc lesl specimen and I mm
(004 in.) smaller diameter than the ring in
place of Ihe sample. Moisten Ihe porous stones.
If filler papers are lo be used (sec 53), they
should be moistened and sufficient time for (he
moisture lo be squeezed from (hem should be
allowed during Ihe calibration process

8 2 Load and unload the consolidometer as
in the test and measure Ihe deformation for
each load applied

8 1 Plot or tabulate the corrections to be
applied lo the deformation of the lesl specimen
at each load applied Note that the metal disk
will deform also However, the correction due
lo this deformation will be negligible fur all but
cilremely stiff soils If necessary, ihe compres-
sion of ihe metal disk can be computed and
applied lo Ihc corrections.

». Natural MoistureCoaleol, Wdfhi. Volume,
Specific Gravity, UqaM and PUsllc Umlls,
aad Particle SUe Distribution Deternuia-
tions

*' I Use the malenal umuncd adjacent lo the
speuincn (sec Section 7) to determine the nat-
ural mmsiurc content in accordance with

Method I) 2.216 and Ihe specific gravity with Tes,
Method D 854 Determine Ihe initial wet man
of Ihe specimen by subtracting the mass of (^
specimen nng from Ihe combined mass of the
specimen nng and Ihe specimen. Determine ihc
initial volume of the specimen from Ihe diameter
and height of Ihe specimen Ihe value of mois-
lure content determined from Ihe trimmings u
approximate but permits determination of the
void ratio before the lest is complete. Ihe
accurate determination of the specimen dry
and moisture content is found by drying the
entire specimen al Ihe end of the lesl This pro-
cedure should be used unless a portion of the
specimen is needed for index tests (sec 10.9) The
specific gravity can be estimated where an accu-
rate void ratio is not needed.

9.2 The liquid limit, as determined in accord-
ance wilh Test Method D423, the plastic limit,
as determined in accordance with Test Method
D 424, and the particle size distribution, for soils
with substantial granular material, as determined
in accordance wilh Method D 422, are useful in
identifying the soil and in correlating the results
of tests on different soils II is recommended that
liquid and plastic limits be determined on Ihe
Inmmings or on representative portions of the
lesl specimen if (he soil exhibits significant het-
erogeneity

10. Procedure

10 I The objective of the preparation of the
stones and other apparatus prior lo their con-
tact with Ihe specimen is lo prevent change in
moisture content of the specimen. Thus, very
dry, highly expansive soils should be placed on
dry siones but most partially saturated soils
may be placed on siones thai have simply been
dampened If the specimen is saturated and is
believed not lo exhibit a high affinity for waier.
ihe porous siones should be boiled after clean-
ing with a nonabrasive brush and kepi satu-
rated until the lime of their contact with the
specimen. Assemble ihe ring, specimen and
porous siones With Ihe consolidometer assem-
bled, enclose ihc specimen, ring, filler paper
(when used), and porous stones wilh a loose-
filling plaMic or rubber membrane to prevent
change in specimen volume due lo evaporation
I'his step may be ornillcd if the specimen is lo
be mum' ' allei the lirsl load increment is
applied „ ( ided in 10 8

10 2 Place Ihe consolidometer in I he loading
device and apply a sealing pressure of 5 kPa
(100 Ibf/ft2). Within 5 mm after application of
ihe sealing load, adjust the exlensometer dial
gage for Ihc initial or zero reading (For very
soA soils a scaling pressure of 2 or 3 kPa (about
50 Ib/ft2) or less is desirable)

103 Place loads on the consolidomeler lo
obtain pressures on the toil of approximately
5, 10, 20, 40. 80, etc , kPa (100, 200, 400, 800.
1600. etc , Ibf/ft2). with each pressure main-
tained constant as required in 104 (Smaller
increments may be desirable on very soft spec-
imens or when it is desirable lo determine Ihe
preconsolidation pressure with more precision )
Loading of the specimen should continue into
(he virgin compression region so thai Ihe slope
and shape of the virgin compression curve may
be assessed Typically, a final pressure that is
equal to or greater than four times the precon
tolidation pressure of the sample a required
for this assessment. In the case of overconsoli-
daied clays in particular, it may be desirable to
use an unloading- reloading cycle lo better eval-
uate recompression parameters, but such a pro-
cedure is optional.

10.4 For al least two load increments (in-
cluding at least one load increment after the
preconsolidalion pressure has been exceeded),
record the height or change in height of Ihc
specimen before each pressure increment is
applied and al lime intervals of approximately
01. 0.25. 05. I. 2, 4, 8. 15, and 30 mm. I, 2, 4.
8, etc , h, measured from Ihe lime of each
incremental pressure application. These lime-
rate readings need be obtained only for satu-
rated specimens. Readings should continue at
least until Ihe slope of the characteristic linear
secondary compression portion of the thickness
versus log of lime plot is apparent (see I I I),
unless the method 11.6 is used, in which case
Ihe next loading may proceed as soon as 100
% consolidation is completed (Foi soils thai
have slow primary consolidation, pressures
should be applied for al least 24 h In extreme
cases, or where secondary compression must be
evaluated, they should be applied much
longer ) Then apply the next pressure mere
menl Fur pressure increments where lime ver
sus deformation data are not required, (he load
should be left on Ihe sample lor essentially the
same length ol Ir s when lime versus dcfot

malion readings are taken Sufficient leadings
should be taken near the end of the pressure-
increment period lo allow for any needed e«
trapolalion of Ihe lime deformation curve.

10 5 If thickness versus square root of time
plots are lo be made, the lime intervals may be
adjusted to those thai have easily obtained
square roots, for example, 009. 025. 049. I
mm, 4 mm, 9 mm, etc.

106 Rebound — Where rebound or unload
ing characteristics are desired, unload soil by
pressure decrements in reverse order However.
if desired. each successive load can be only one
fou ih as large as Ihe preceding load Record
ai lime intervals as suggested in 104 Note,
however, that for most soils Ihe rebound will
be complete in less time than would be required
for an increment of load during primary con-
solidation. but sufficient readings should be
taken to verify thai rebound is essentially com-
plete.

10.7 An alternative loading, unloading, or
reloading schedule i ay be employed that re-
produces the construction stress changes, or
obtains belter definition of some part of Ihc
stress-deformation curve, or aids in interpreting
Ihe field behavior of the soil. This should be
clearly indicated on the lest results

108 If the lesl is performed on an undis
turbed sample that was either saturated under
field conditions or obtained from below Ihe
water table, il should be inundated after the
first load increment is applied. Ac inundation
and specimen welling occur. Ihe load should be
increased if required, lo prevent Ihe specimen
from swelling, unless it lends to swell under the
estimated in situ vertical stress If the specimen
compresses after inundation, simply record Ihe
amount of compression Specimens also may
be inundated al pressures that simulate future
inundation under field conditions In such
cases, Ihe pressure al inundation and any re
suiting effects, such as expansion or increased
compression, should be noted in Ihc lesl results

109 To minimize swell during disassembly.
Ihe specimen should be rebounded back to a
very small stress and dismantled quickly after
releasing Ihe final load on the specimen Re-
move the specimen and Ihe nng from Ihe con
solidomeler and wipe Ihe free water from the
ring and specimen Remove Ihc specimen from
Ihc ring and determine its mass, oven dry U.



«nd reweigh il lo obtain the dry mass of solids
and the final water content. If the original soil
sample is very heterogeneous, any index tests
should be performed on a portion of the lest
specimen and the remainder can be used for a
final water content measurement Porous stones
should be boiled clean after the lest lo prevent
clay from dryinj on them and reducing their
permeability

II. Calculation
111 From those increments of load where

lime rale readings are obtained, plot the defor-
mation readings versus the log of lime (in min-
utes) for each increment of load or pressure as
the lest progresses, and for any increments of
rebound where lime versus deformation data
have been obtained.

11.2 Find the deformation representing
100 % primary consolidation for each load
increment. First draw a straight line through
the points representing the final reading* and
that exhiLit a straight line trend and a flat
slope Draw a second straight line tangent lo
the steepest pan of the deformation-log lime
curve The intersection represents the defor-
mation corresponding lo 100 % primary con-
solidation. Correct the deformation at 100 %
consolidation in accordance with the results of
the calibration (see Section 8). Compression
that occurs subsequent lo 100 % primary con-
solidation is defined as secondary compression.

11.3 Find the deformation representing 0 %
primary consolidation by selecting the defor-
mations at any 2 times that have a ratio of I lo
4 The deformation corresponding lo the larger
of the two times should be greater than Vi but
less than ^ of the total change in deformation
for the load mere nenl The deformation cor-
responding to 0 t primary consolidation is
equal lo the deformation corresponding lo the
smaller lime interval less the difference in the
deformations Tor the two selected limes

114 The deformation corresponding 10 50
% primary consolidation for each load incre-
ment is equal to the average of the uncorrecled
deformations corresponding lo the 0 and 100
% deformations. The lime required for 50 %
consolidation under any load increment may
be found graphically from the deformation-log
time curve for that loud increment by observing
lh« lime that corresponds lo JO % of the primary
consolidation of the curve
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115 For each load increment for
lime rale readings were obtained, compute th»
coefficient of consolidation, <y, as follows:

005//'

where:
H — sample height in metres (feel) for a dou-

bly drained sample at 50 % consoluj,.
lion.

ito - lime for 50 % consolidation in years, and
C ~ coefficient of consolidation in mVyear

(ftVyear)
If H a ID millimetres and I in seconds or
minutes, e, will be expressed in mm'/s or
mm'/mm, respectively, and conversion to more
convenient units is desirable.

116 An alternative procedure requiring i
plot of deformation versus the square root of
time in minutes may be used lo determine the
points of 0 and 100 % consolidation as well u
the coefficient of consolidation for each load
increment. The initial pan of the curve is ap-
proximated by a straight line. The line is ex-
trapolated back to / - 0. The corresponding
deformation ordmate represents 0 % primary
consolidation. A second straight line is drawn
through this point so that the abscissa of thu
line is I 15 times the abscissa of the straight
line approximation of the initial pan of the
curve The intersection of the new line with the
deformation-square root of time curve corre-
sponds lo 90 % primary consolidation. The
deformation at 100 % primary consolidation is
Vt more than the difference in deformations
between 0 and 90 % consolidation. Similarly,
the deformation al 50 % consolidation is % of
the difference between that al 0 and 90 %. The
coefficient of consolidation can be found from
the lime of 90 % consolidation by the formuli

02I/ /1

where:
H - sample height for a doubly drained sam-

ple al 90 * consolidation, m (or ft),
/w - lime for 90 % consolidation, years, and
<•„ - coefficient of consolidation, m'/year

(flVyear)
If H is in millimetres and I in seconds or
minutes, the units of r, will be mm'/s or
mm /min, respectively, and conversion to more
convenient units is desirable. The square root

Of lime method may also be used lo obtain a
,,|ue of in, if desired.

117 Compute initial void ratio, water con-
|Cnl. unit weight, and degree of saturation,
based on the dry weight of the total specimen.
Specimen volume is computed from measure-
penis of the container ring height and diame-
jer Volume of solids is computed by dividing
ihe dry weight of specimen by the specific
gravity of the solids times the unit weight of
viler. Volume of voids is assumed lo be the
difference between the specimen volume and
die volume of the solids.

118 C'ompule void ratio corresponding lo
|UO % primary consolidation (using corrected
deformation readings) for each load. As an
alternative, compute percent compression al
100 % primary consolidation for each load from
ibe initial sample height. As a second alterna-
tive, compute void ratios (or values of percent
compression) using the deformation values ob-
tained after a selected lime interval that shall
include some portion of secondary compres-
lion, and such lime interval shall be the same
for each load mcrei ;nl. However, if the "equi-
librium" value chosen is other than the 100 %
primary consolidation point, a note lo this ef-
fect should be included with the lesi results. Il
should be noted that the second alternative
cited above will result in somewhat lower val-
ues of the preconsolidalion pressure than are
obtained when the 100% primary consolidation
points arc used.

II. Report
12.1 The report shall include the following

information:
12 I I Identification and description of the

lest sample, including whether soil is undis-
turbed, remolded, compacted, or otherwise pre-
pared.

1 2 1 2 Initial and final moisture uinlent.
1 2 1 1 Dry mass and initial and final wet

unit weight,
12 1.4 Initial percentage saturation,
1 2 1 5 Specific gravity of solids or Alterberg

Limit gradation data if obtained,
1 2 1 6 Specimen dimensions.
12 17 Condition of lest (natural moisture or

inundated, pressure inundation),
12 I 8 Frcparalioi procedure used iclauve

lo dimming, stale vhelher specimen wa»
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trimmed, extruded directly into the ring, or
tested directly in a ring from a ring-lined sam-
pler,

1 2 1 9 Plot of log of lime or square root ol
lime versus deformation, for those load incre-
ments where lime-rale readings were taken For
organic or highly micaceous soils, or other soils
with appreciable secondary compression, it is
highly desirable thai log of lime plots extending
into the secondary compression region be in-
cluded,

12.110 Plot of void ratio versus log of pics-
sure curve or percent compression versus log of
pressu t curve,

12.1 11 In cases where lime rale of consoli-
dation readings have been taken for several
load increments, a plot of coefficient of consol-
idation versus log of average pressure As an
alternative, a plot of log of coefficient of con-
solidation versus log of average pressure curve
may be used The method used for computing
<-„ should be noted If time-rale readings were
obtained for only two load increments, simply
tabulate Ih values of c. versus the average
pressure foi the increment.

12.1.12 All departures from the procedure
outlined, including special loading sequences
For example, it may be desirable to inundate
and load the specimen precisely in accordance
with the welting or loading pattern expected in
the field in order lo best simulate the response
Smaller than standard load increment ratios
may be desirable for soils that are highly sen-
sitive or whose response is highly dependent on
strain rale.

13. Precision and Accuracy
131 Section 5 of this method specifies the

sensitivity of the load and deformation mea-
surements. The corresponding accuracy of the
applied stress and resultant strain in the speci
men can be computed from the specimen di-
mensions The accuracy with which the lesi
results can be applied to the field varies from
case lo case and depends on:

131 I The quality of samples u»cd.
1 3 1 2 The number of samples tested.
13 I 3 The vertical and horizontal dislribu

lion of the samples tested, and
1 3 1 4 The heterogeneity ol the soil profile

in I he field
132 A statistical analysis that includes both
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the sampling program and the laboratory test
results is required to assess, in any meaningful
way, (he accuracy with which lhe test results
apply to the field. In the absence of such an
analysis, most engineers assess the applicability
of the test results to the field qualitatively by

oking at the variation in the lest re*ulu *^
, .ie variations in lhe boring log*. ID general, |
can be noted that the accuracy of settlemc^
predictions based on consolidation lesu jj,
crease (on a percentage basis) with lhe co*.
prcssibilily of the soil.

7»< American Society for Ttxvif ami Materials takes no potato* retfecunf ike raliduy of any patent nj/uj autnt4 ,
CUWKTIUM MI* any arm mentioned m imii Bandar*. Uitn ofina namdard an txfteuty odvota ikal dctmntnaJXHt ofikt roU .̂
of any aicli faifni ngnii, and In* rut of infr^tfrmtni of mrk rtf uj. art tnlmly iktir own. mmonrnMiiy.

T\a Handaed u subject to revision at any time by the nsfon»J>U technical commint* and rraiif be reviewed every five ye^
mw ruff ttt**ttrw*im*e*vm. v — ———— •- — — i— t-ifi— f— — Yfn t/'*"'" rin"f"rf -r/r- nYrfni^.̂.

. Your commenu tuOl receive cartful cnnttdtraOrm at a mfeting oft,
mittee, wluclt ym may attend. If you feel ikal your commenu ten* not received a fair kearotgyoti i

make your new, bwim M ik* ASTM Cnnimtriii M Stmdmnli. 1916 Una St. ntladmfklm, fa. 1910).



Standard T«»t Method for
LIQUID LIMIT, PLASTIC UIMT, AND PLASTICITY INDEX OF
SOILS1
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1.1.3 The procedure for calculating the plas-
ticity index <i given in Section 19.

1.2 The liquid limit and plastic limit of soils
(along with the shrinkage limit) are often collec-
tively referred to as the Atterberg limits in rec-
ognition of their formation by Swedish soil sci-
entist, A. Atterberg. These limits distinguish the
boundaries of Ihe several consistency states of
plutk soils.

1.3 As used in this lest method, soil is any
natural aggregation of minei J or organic male-
rials, mixtures of such materials, or artificial mix-
tures of aggregates and natural mineral and or-
ganic particles.

1.4 The multipoint liquid limit procedure is
somewhat more time consuming than the one-
point procedure when both are performed by
experienced operators. However, the one-point
procedure requires the operator to judge when
the test specimen is approximately ai its liquid
limit. In cases where this is not done reliably, the
multipoint procedure is as fast as the one-point
procedure and provides additional precision due
to the information obtained from additional
trials. It is particularly recommended that the
multipoint procedure be used by inexperienced
operators.

1.5 The correlations on which the calculations
of the one-point procedure are based may not be
valid for certain soils, such as organic soils or

I.
I . I This test method covers the determination

of the liquid limit, plastic limit, and the plasticity
index of soils as defined in Section 3.

I.I.I Two procedures for preparing lest spec-
imens and two procedures for performing the
liquid limit are provided as follows:

A Multipoint test using a wet preparation
procedure, described in Sections 10. 1, II,
and 12.
Multipoint test using a dry preparation
procedure, described in Sections 10.2, 1 1,
and 12.
One-poi n i test usi ng a wet preparation pro-
cedure, described in Sections 13, 14, and
15.

D One-point test using a dry preparation pro-
cedure, described in Sections 13, 14, and
15.

The procedure to be used shall be specified by
the requesting authority. If no procedure is spec-
ified. Procedure A shall be used.

NOTE I—Prior to the adoption of tbis ten method,
a curved grooving tool was specified at part of the
apparatus for performing the liquid limit ten. The
curved tool u not conadered to be ai vvntt it the
Rat tool described in 6.2 uoce it doe* not control the
depih of the wil in the liquid limit cup. However, there
are tome dau which indicate that typically the liquid
limit u slightly increased when the flat tool is uaed
innead of the curved tool.

1.12 The plastic limit test procedure is de-
scribed in Sections 16. 17, and 18. The plastic
limit test is performed on material prepared for
the liquid limit lest. In effect, there are two
procedures for preparing test specimens for the
pUstic limit test.

' Tlut lc« mctaad u under lae jumkcuoa of ASTM Com
mince D-11 a* Sol tad Rock aad • ike dina lapoMbtury of
SubcoatauOM DH 03 <M Tanm, PUeoaty tad Dowy CKar-
actcniuciafSoUi.

CurralcdiuontppnmdOo. 26. l»»4 PufchtlMd December
I»M On»atUypuMubed«iD4)ll-»3 LMPRVHJUIediuon
D43H-I3"
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soils liom a marine environment I he liquid
Innil of 1 licv; soils should therefore be deler-
inined by ihe inullipoml procedure (Procedure
A )

I (> Ihe liquid and plastic limits of many soils
i lut have been allowed 10 dry before testing may
be considerably different from values obtained
on undned samples. If (he liquid and plastic
l im i t s of soils are used to correlate or estimate
the engineering behavior of soils in their natural
ni»isl stale, samples should not be permitted to
diy before testing unless data on dried samples
arc specifically desired

I 7 Ihe composition and concentration of
soluble salts in a soil affect Ihe values of the
liquid and plastic limits as well as the water
content values of soils (see Method D22I6).
S|X-cial consideration should therefore be given
lo soils from a marine environment or other
sources where high soluble salt concentrations
may be present. Ihe degree to which the salts
piescnl in these soils arc diluted or concentrated
must be given consideration if meaningful results
aie to be obtained.

18 Since the tests described herein are per
loniied only on that portion of a soil which passes
the 425-um (No. 4 J) sieve, the relative contri-
bution of this portion of Ihe soil to the properties
ul the sample as a whole roust be considered
when using these tests to evaluate the properties
of a soil.

19 The values staled in acceptable mclnc
units are to be regarded as the standard. The
values given in parentheses are for information
only.

1.10 Thin standard may involve hazardous
materials, operations, and equipment This
standard does not purptin lo address all of the
solely problems aisttcialed with its use ll is the
responsibility oj whoever uses this standard to
consult and establish appropriate sajely and
health practices and determine the applu ability
n/ regulatory limitations pi.or to use

2. Applicable Oocunrnu
i I 4±TM Standards
C 7U2 Methods for Reducing Field Samples of

Aggregate lo Testing Sue1

1 ) 7 5 Practice for Sampling Aggregates*
I) 420 Recommended Practice for Investigat-

ing and Sampling Soil and Rock for Engi-
neering Purposes'

In ins and Symbols Relating to So4
and Rock4

1 ) 1 2 4 1 Specification lor Materials for Soil
Aggregate Subbase, Base, and Surfact
Courses4

1) 2216 Method for laboratory Determinant*
of Water (Moisture) Content of Soil. Roct
and Soil-Aggregate Mixtures4

D2240 lest Method for Rubber Property -
Duromeler Hardness'

D 2487 Test Method for Classification of Sink
for Engineering Purposes4

D 2488 Practice for Description and Idenufh
cation of Soils (Visual-Manual Procedure)4

D 3282 Practice for Classification of Soils ud
Soil-Aggregate Mixtures for Highway Cot
struction Purposes4

E 11 Specification for Wire-Cloth Sieves for
Testing Purposes*

E 319 Methods of Testing Single Arm tU
ances*

E 898 Method of Testing Top-Loading, f>
reel-Reading laboratory Scales and Bal-
ances*

J. Definitions
3 I Allerberg limits—originally, seven "limn

of consistency" of fine-grained soils were defined
by Albert Atlerberg. In current engineering usap.
the term usually refers only to Ihe liquid limi
plastic limit, and in some references, the shnni
age limit.

3.2 consistency—ttte relative ease with whid
a soil can be deformed.

33 liquid lima (LL)—Ihe water content, *
percent, of a soil al the arbitrarily defined boun*
ary between (he liquid and plastic slates. Tto
water content is defined as the water content *
which a pat of soil placed in a standard cup an*
cut by a groove of standard dimensions will flo"
together al Ihe base of the groove for a dislaotf
of 13 mm ('/> in.) when subjected lo 25 shock)
from the cup being dropped 10 mm in a standi^
liquid limit apparatus operated at a rate of'
shocks per second.

' Annual Sou* ufASIM Utandardi, Vul 04 1)2
1Animal Boot qfASTH Sumtanii. Vota 04 02, 04 OJ, «

O40»
' Annual Boat, of ASTU Sundardl. Vot 04 01
' Aiuiual AJU* J ASTH Suutdardi. Vol 09 01
• Annual Aurf of AX] M SlanJardi. Vul 14 02

Noi t 2—The undrained shear strength of soil al ihe
liquid limn is considered to be 2 ±0.2 kPa (0 28 psi).

3.4 plastic limn (P/J —the water content, in
percent, of a soil at Ihe boundary between the
plastic and brink states The water content at
this boundary is Ihe water content al which a soil
can no longer be deformed by rolling into 3.2
mm ('/« m.) in diameter threads without crum-
bling.

3.5 plastic soil—a soil which has a range of
water content over which it exhibits plasticity
and which will retain Us shape on drying.

3.6 plasticity index. (PI)—ihe range of water
content over which a soil behaves plastically.
Numerically, it is Ihe difference between the liq-
uid limit and Ihe plastic limit.

37 liquidity indt-\—the ratio, expressed as a
percentage, of (/) ihe natural water content of a
soil minus Us plastic limit, lo (2) its plasticity
index.

3.8 activity number (A)—the ratio of (/) Ihe
plasticity index of a soil to (2) the percent by
weight of particles having an equivalent diameter
smaller than 0 002 mm.

4. SwMBary of Method
4.1 The sample is processed lo remove any

material retained on a 425-um (No. 40) sieve.
The liquid limit is determined by performing
trials in which a portion of the sample is spread
in a brass cup, divided in iwo by a grooving tool,
and then allowed to flow together from the
shocks caused by repeatedly dropping Ihe cup in
» standard mechanical device. The multipoint
liquid limit. Procedures A and B, requires three
or more trials over a range of water contents to
he performed and Ihe data from the trials plotted
or calculated to make a relationship from which
the liquid limit is determined. The one-point
liquid limil, Procedures C and D, uses Ihe data
from two trials al one water content multiplied
by a correction factor lo determine the liquid
limit.

4.2 The plastic limn is determined by alter-
nately pressing together and rolling into a 3.2
n|m (</i in.) diameter thread a small portion of
Plastic soil until its water content is reduced to a
Point at which Ihe thread crumbles and is no
longer able to be pressed together and rerolled.
'he water content of Ihe soil at this stage is
^ported as the plastic limit

43 Ihe plasticity index is calculated as the
difference between the liquid limit and the plastic
limit.

S. Significance and Use
5.1 This lest method is used as an integral pan

of several engineering classification systems to
character!/*: the fine grained fractious of soils (see
Test Method D 2487 and Practice D 3282) and
to specify the fine-grained fraction of construc-
tion materials (sec Specification D 1241). The
liquid limn, plastic limil, and plasticity index of
soils are also used extensively, either individually
or together with other soil properties to correlate
with engineering behavior such at compretsibd-
ily, permeability, compactibilily, shnnk-swcll,
and shear strength.

5.2 The liquid and plastic limits of a soil can
be used with the natural water content of ihe soil
lo express its relative consistency or liquidity
index and can be used with the percentage finer
than 2-urn size to determine its activity number

5.3 The one-point liquid limil procedure is
frequently used for routine classification pur-
poses. When greater precision is required, as
when used for Ihe acceptance of a material or for
correlation with other lest data, the multipoint
procedure should be used.

5.4 These methods aie sometimes used to
evaluate the weathering characteristics of clay-
shale materials. When subjected lo repeated wet-
ting and drying cycles, the liquid limits of these
materials lend lo increase. The amount of in-
crease is considered to be a measure of a shale's
susceptibility to weathering.

5.5 The liquid limil of a soil containing sub-
stantial amounts of organic mailer decreases dra-
matically when the soil is oven-dried before test-
ing. Comparison of the liquid •unit of a sample
before and after oven-drying can therefore be
used as a qualitative measure of organic mallei
content of a soil.

6. Apparatus
6.1 Liquid Limit Device—-A mechanical de

vice consisting of a brass cup suspended from a
carriage designed to control its drop onto a hard
rubber base. A drawing showing ihe essential
features ->f the device and Ihe critical dimensions
is given in Fig. I. The desifn of the device may
vary provided thai the encnlial functions are
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picscivcd I he device may he operalcil eilher hy
a hand crank or hy an electric motor

6.1 I Wuvr— I he base shall be hard rubber
having a I > liuromeler hardness of 80 to 90, and
a resilience such I ha I an 8-niiu (Vi»-m ) diameter
polished steel ball, when dropped from a heigh)
of 25 cm (9 84 in ) will have an average rebound
of at least 80 % but no more than 90 %. The tests
shall be conducted on the finished base with feel
attached

612 feel—The base shall be supported by
rubber feel designed to provide isolation of the
base from the work surface and having an A
Durometer hardness no greater than 60 as mea-
sured on the finished feel attached to the base

6 I 3 Cup—The cup shall be brass and have a
weight, including cup hanger, of 185 to 215 g.

614 Cam—The cam shall raise the cup
smoothly and continuously to its maximum
height, over a distance of at least 180* of cam
rotation The preferred cam motion is a uni-
formly accelerated lift curve. The design of the
cam and follower combination shall be such that
there is no upward or downward velocity of the
cup when the cam follower leaves the cam.

Noil ) -The cam and follower design in Fig I is
tin uniformly accelerated (parabola) motion after con
uci and assures thai Ihc eup has nu velocity at drup
ull Other cam designs also provide this feature and
ma» be used However, if the cam follower lift pattern
is mil known, iero velocity at drop off can be asturcd
by carefully filing or machining the cam and follower
so ihai the cup heighi remains consumi over the lay 20
lo 4V of cam rotation

6.1 5 Carnage---'fhe cup carnage shall be
constructed in a way that allows convenient but
secure adjustment ol the height of drop of the
cup lo 10 mm (0.394 in.). The cup hanger shall
be attached lo the carnage by means of a pin
which allows removal of the cup and cup hanger
foi cleaning and inspection

6.1.6 Optional Motor Drive—As an alterna-
t ive to the hand crank shown in Fig. I, the device
may be equipped with a motor lo turn the cam.
Such a motor niusl turn the cam at 2 ±0.1
revolutions per second, and must be isolated
Irom Ihc rest of the device by rubber mounts or
in some other way that prevents vibration from
Ihc motor being transmuted lo the rest of the
apoaiatus It must be equipped with an ON-OFF
switch and a means of conveniently positioning
the cam lor height of drop adjustments The
lesul ts obtained using a motor-driven device

must not Jillci I'om those obtained using j
manually operated device

6 2 Hal lirotninit ltx>l—A grooving tool hav
mg dimensions shown in Fig 2 The tool shall
he made of plastic or noncorroding metal The
design of the tool may vary as long as the essential
dimensions are maintained. The tool may, hut
need not, incorporate the gage for adjusting the
height ol drop of Ihc liquid limn device

6 3 Huge—A metal gage block for adjusting
the height of drop of the cup, having Ihe dimen-
sions shown in Fig. 3 The design of Ihe tool may
vary provided the gage will rest securely on the
base without being susceptible lo rocking, and
Ihe edge which contacts Ihe cup during adjust-
ment is straight, at least 10 mm ('it in.) wide, and
without bevel or radius

6.4 Containers—Small corrosion-resistant
containers with snug-filling lids for water content
specimens. Aluminum or stainless steel cans 2.)
cm (I in.) high by > cm (2 in.) in diameter are
appropriate.

65 Balance—A balance readable lo al least
0.01 g and having an accuracy of 0.03 g within
three standard deviations within the range of use.
Within any 15-g range, a difference between read-
ings shall be accurate within 001 g (Notes 4 and
5)

Noil 4- See Meihods t 898 and I 319 lor an ci
planalion of lerms relating to balance performance

Nort 5—For frequent use, a lop-loading type bal-
ance with automatic load indication, readable lo 001
g. and having an mdci of precision (standard deviation)
of 0 003 or belter is most suitable for this method
However, nonaulomatic indicating eijual-arm analyti
cat balances and some small equal arm top pan balances
having readabilities and sensitivities of 0.002 g or teller
provide Ihe required accuracy when used with a weight
set of ASTM Class 4 (National Bureau of Standards
Class P) or belter Ordinary commercial and classroom
type balances such as beam balances are not suitable
for this method

6.6 Storage Container—A container in which
lo stoic Ihe prepared soil specimen thai will not
contaminate the specimen in any way, and which
prevents moisture loss. A porcelain, glass, or
plastic dish about 114 cm (4'A in ) in diametei
and a plastic bag large enough lo enclose Ihc dish
and be folded over is adequate

6 7 Ground <»'/uJi Mate—A ground glass plate
al least 30 cm (12 in ) square by I cm (Vi in)
ihick for mixing soil and rolling plastic limit
threads

68 Si>aniln A spatula or pill knife having a

blade about 2 cm ('/« in ) wide by about 10 cm
(4 in ) long In addition, a spatula having a blade
about 2 5 cm (I in.) wide and 15 cm (6 in.) long
has been found useful for initial mixing of sam-
ples

69 Sieve— A 20.3 cm (8 in.) diameter, 425-
um (No. 40) sieve conforming to Ihe require-
ments of Specification I 11 and having a rim at
least 5 cm (2 in.) above he mesh. A 2-mm (No.
10) sieve meeting the ame requirements may
also be needed.

6 10 H-'ai/j Bottle, or similar container for
adding controlled amounts of water to soil and
washing fines from coarse particles

6.11 Drying Oven—A thermostatically con-
trolled oven, preferably of the forced-draft type,
capable of continuously maintaining a tempera-
lure of I IO±5*Cthroup *iout Ihe drying chamber.
The oven shall be equi oed with a thermometer
of suitable range and accuracy for monitoring
oven temperature.

6.12 Washing Pan—*, round, flat-bottomed
pan at least 7.6 cm (3 in.) deep, slightly larger at
the bottom than a 20.3-cm (8-in.) diameter sieve.

6.13 Rod (optiu lal)—A metal or plastic rod
or lube 3.2 mm (K in.) in diameter and about 10
cm (4 in.) long for jud| ng the size of plastic limit
threads.

7. Materials
7.1 A supply of distilled or demineralized wa-

ter.

8.1 Samples may be taken from any location
thai satisfies testing needs. However, Methods
C702, and Practice D75. and Recommended
Practice D 420 should be used u juides for se-
lecting and preserving ^«ftp**T from various
type* of tarn piing operations. Sample* which will
be prepared using the wet preparation procedure.
IQ I, must be kept at their natural water content
Prior to preparation.

8.2 Where sampling operations have pre-
ttrvcd the natural stratification of a sample, the
various strata must be kept separated and tests
Performed on the particular stratum of interest
*ith as little contamination as possible from
°<ncr strata. Where a mixture of materials will
** used in construction, combine the various
components in such proportions that Ihe result-
">t sample represents the actual construction
case

64318

83 Where dala from this test method are lo
be used for correlation with other laboratory or
field lest dala, use the same material as used for
these tests where possible.

8.4 Obtain a representative portion from the
total sample sufficient lo provide 150 to 200 g of
material passing the 425-um (No. 40) sieve. Free
flowing samples may be reduced by the methods
of quartering or splitting. Cohesive samples shall
be mixed thoroughly in a pan with a spatula, or
scoop and a representative portion scooped from
the total mass by making one or more sweeps
with a scoop through the mixed mass.

9. Calibration of ApaaralHS
9.1 Inspection of Wear:
9 . 1 . 1 Liquid Limit Device— Determine thai

the liquid limit device is clean and in good work-
ing order. The following specific points should
be checked:

9 . 1 . 1 . 1 Wear of Base—The spot on the base
where the cup makes contact should be worn uo
greater than 10 mm (H in.) in diameter. If the
wear spot is greater than this, Ihc base can be
machined lo n move the worn spot provided the
resurfacing dot , not make the base '.dinner than
specified in 6.1 and the other dimensional rela-
tionships are maintained.

9 .1 .1 .2 Wear of Cup—The cup must be re-
placed when Ihe grooving tool has worn a de-
pression in the cup O.I mm (0.004 in.) deep or
when the edge of the cup has been reduced to
half its original thickness. Verify that the cup is
firmly attached to the cup hanger.

9.1.1.3 Wear of Cup Hanger— Verify that the
cup hanger pivot doc* not bind and is not worn
to an extent that allows more than 3-mm (*-in.)
side-to-side movement of the lowest point on the
rim.

9.1.1.4 Wear of Cam—The cam shall not be
worn to an extent that the cup drop* before the
cup hanger (cam follower) loses contact with the
cam.

9.1 2 Grooving Tools—Inspect grooving tools
for wear on a frequent and regular bans- The
rapidity of wear depends on the material from
which the tool is made and the types of soil*
being tested. Sandy soils cause rapid wear of
grooving tools; therefore, when testing these ma-
terials, tool* should be inspected more frequently
than for other soils. Any tool with a lip width
greater than 2.1 mm must not be used. The depth
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of the lip of the grooving tool must be 7 9 to 8 I
mm

NCITI 6 I he width D| ihe lip G| gioovmg tools is
iiinvemenily chevied using a pockel-siud measuring
magnifier cquipficd wuh a millimetre scale Magnifiers
nl this type are available from most laboraiory supply
uHiipjnies I he depth of the lip of grooving tools can
he checked using the depth measunng feature of vernier
calipers.

9 2 AJjiivmcni of I lentil <>/ Dioft— Adjust Ihe
hcighi ol drop ol the cup so that the point on the
cup that comes in contact with the ba.se rises to
a height ol 10 J.O 2 mm. Sec I ig 4 lor proper
location of the gage relative to the cup during
adjustment

Noil 7 A convenient procedure lor adtusiing the
luighl ol drup is as follows place a piece of masking
upe across (he outside holtom of the cup parallel with
the jus of ihe cup hanger pivot. The edge of the Upe
away from the cup hanger should bisect the spot on Ihe
cup thai contacts Ihe base for new cups, placing a
piece ol carbon paper on the base and allowing the cup
to drop several limes will mark the contact spol Atuch
Ihe cup lo Ihe device and turn Ihe crank unlil Ihe cup
is raised lo its maximum height Slide Ihe height gage
under the cup from the lionl, and observe whether the
gage contacts Ihe cup or the Upe See Fig 4 If Ihe tape
and cup are both contacted, Ihe height of drop is
approximately correct If not, adjust the cup until si-
multaneous contact is made Check adjustment by
turning the crank at 2 revolutions per second while
holding Ihe gage in position against the tape and cup
If a ringing or clicking sound is heard without Ihe cup
rising Irom the gage. Ihe adjustment is correct If no
unging is heard or ifihc cup rises from ihe gage, readjust
(he height of drop If the cup rocks on Ihe gage dunng
this checking operation, Ihe cam follower pivot is ex-
cessively worn and Ihe worn pans should be replaced
Always remove tai>c after completion of adjustment
operation

Ml I III-OIM LIQUID LIMIT I'K<M IIH KKS
A AM) B

10 Preparation of Test Specimens

II) I H'cl 1'rcparalnm- I xcepl where ihe dry
method of specimen preparation is specified
(10.2), prepare specimens for lesl as described in
the following sec-lions

10 I.I Sum/i/i", /'u.vw/u; the 42!> ji/n (No 40)
.V/rn'-- When by usual and manual procedures
n is determined thai the sample has little or no
material retained on a -425-um (No 40) sieve,
piepare a specimen of I 50 to 200 g by mixing
thoroughly with ilisnlled or ticminerali/cd water
on the glass plalc using the spatula If desired,
vi.ik MM! in a storage dish wuh small amount ol
walci lo villen the siul heloic ihe start ol inning

Adjusl ihe water content of Ihe soil lo hnng n |
a consistent y thai would require 25 to )5 blo ,̂
ol ihe liquid limit device to close Ihe grouv>
(Note H) II. dunng mixing, a small percentage ̂
material is encountered that would be retainer
on a 42S um (No 4<)) sieve, remove these parti.
ties hy hand, if possible If it is impractical |0
remove Ihe coarser material by hand, rcmov»
small percentages (less than about 1 5 % ) ^
coarser material by working Ihe specimen
through a 425 urn (No 40) sieve using a piece of
rubber sheeting, rubbei stopper, or other convert
lent device provided ihe operation does not dis-
tort ihe sieve or degrade material that would be
retained if the washing method described in
1 0 1 2 were used II larger percentages of coarse
matenal are encountered dunng mixing, or it is
considered impractical lo remove the coarser
material by the methods just descnbcd, wash the
sample as described in 10 I 2 When Ihe coarse
particles found dunng mixing are concretions,
shells, or other fragile particles, do not crush these
particles to make them pass a 425-um (No 40)
sieve, but remove by h.md or by washing. Place
Ihe mixed soil in the storage dish, cover to pre-
vent loss of moisture, and allow lo stand for at
least 16 h (overnight) After the standing period
and immediately before starling the lest, thor-
oughly remix ihe soil

Noil 8— The lime taken lo adequately mix a soil
will vary greatly, depending on Ihe plasticity and initial
water content. Initial mixing limes of more than 30 -
in may be needed for slilT. fat clays

10 I .2 Samples Containing Material Retained
on a 425-pm (No 40) Sieve

III I 2 I Select a sufficient quantity of soil «l
natural water content lo provide I 50 lo 200 g of
material passing Ihe 425 um (No 40) sieve Place
in a pan or dish and add sufficient water to cover
the soil Allow lo soak until all lumps have
softened and Ihe fines no longer adhere lo Ihe
surfaces of the corase particles (Note 9).

Noil 9 In some cases, (hi caiions of salts prcsenl
in lap water will exchange wil.i the natural cations m
Ihe soil and significantly alter Ihe lesl results should up
water be used in the soaking and washing operations
Unless it is known that such cations are not present in
Ihe up waier, distilled 01 demmcrali/ed water should
be used As a general role, water containing more than
100 nig.' I of dissolved solids should not lie used for
washing operations

1(1 I 2 2 When Ihe sample contains a large
(icicc'ii >( material retained on (he 425 ji'n

i|Mo 40) sieve, perfoim Ihe following washing
operation in increments, washing no more than
n 5 kg (I Ib) of maienal al one lime Place ihe
4'5-um (No 40) sic 'e in Ihe bottom of the clean
p,,! Pour Ihe soil water mixture onto the sieve
If gravel 01 coarse sand particles are present, rinse
U many of these as possible wilh small quantities
Of water from a wash bottle, and dis> nil Alter-
natively, pour I e soil waler mixture over a 2-
mm (No 10) sieve nested alop Ihe 425-um (No
40) sieve, rinse (he fine maienal through and
remove the 2-mrn (No 10) sieve After washing
and removing as much of the coarser maienal as
possible, add sufficient waler lo the pan to hnng
the level 10 about I 3 mm ('h in.) above the surface
of ihe 425-fim (No 40) sieve Agilalc Ihe slurry
hy stimng wilh Ihe fingers while raising and
lowering Ihe sieve in ihe pan and swirling Ihe
suspension so I al fine material is washed from
ihe coarser parti, les. Disaggregate fine soil lumps
that have not slaked by gently nibbing them over
ihe sieve with the fingertips Complete Ihe wash-
ing operation by raising Ihe sieve above Ihe water
surface and nnsing ihe maienal retained wuh a
small amount of clean water. Discard maienal
retained on the 425-u.m (No. 40) sieve.

10 1.2 3 Reduce ihe water content of the ma
icnal passing the 425-um (No. 40) sieve until il
approaches the liquid limn. Reduction of water
content may be accomplished by one or a com-
bination of the following methods: (a) exposing
Ihe air currents at ordinary room temperature,
(f>) exposing lo warm air currents from a source
such as an electric hair dryer, (<) filtering in a
Buckner funnel or using filter candles, (d\ de-
canting clear water from surface of suspension,
or (e) draining in a colander or plaster of pans
dish lined wilh high reientivity, high wet-strength
filler paper ' If a plaster of pans dish is used, lake
care that Ihe dish never becomes sufficiently
saturated that it fails to actively absorb water into
ils surface Thoroughly dry dishes between uses
Dunng evaporation and cooling, stir the sample
often enough lo prevent overdrymgof the fringes
>nd soil pinnacles on the surface of the mixture
For soil samples containing soluble salts, use a
method of watei reduction such as a or /> that
*ill nol eliminate Ihe soluble salts from the lesl
specimen

10 I 24 thoroughly mix Ihe material pavsing
Ihe 425-uin (No. 40) sieve on Ihe glass plate using
"'e s|uiula Adjust Ihe waler content of ihe mix
'"re il necess. ; adding small increments ol

distilled or dcmincraliied waler 01 by allowing
the mixtuie lo dry al room temperature while
mixing on the glass plate The soil should be al a
water content thai will result in closure ol the
groove in 25 to 35 blows. Return Ihe mixed soil
lo Ihe mixing dish, cover lo prevent loss of mois-
ture, and allow to stand for al leasl 16 h. Alter
Ihe standing period, and immediately before
starting Ihe lest, remix Ihe soil thoroughly

10 2 Dry Preparation
10 2 I Select sufficient soil lo provide 150 lo

200 g of maienal passing Ihe 425-um (No 40)
sieve after processing Dry Ihe sample al room
temperature or in an oven al a temperature nol
exceeding 60T unlil Ihe soil clods will pulvenze
readily Disaggregation is expedited if Ihe sample
is nol allowed lo completely dry. However. Ihe
soil should have a dry appearance when pulver-
ised Pulvenze Ihe sample in a mortar wilh a
rubber tipped peslal or in some other way lhal
does nol cause breakdown of individual grains.
When Ihe coarse panicles found dunng pulven-
lalion are concretions, shells, or other fragile
particles, do not crush these particles lo make
them pass a 425-^m (No. 40) sieve, but remove
by hand or other suitable means, such as washing

1 0 2 2 Separate Ihe sample on a 425-um (No
40) sieve, shaking the sieve by hand lo assure
thorough separation of the finer fraction Return
Ihe material retained on the 425-um (No 40)
sieve lo the pulverizing apparatus and repeal the
pulvcn/ing and sieving operations as many times
as necessary lo assure lhal all finer maienal has
been disaggregated and maienal retained on Ihe
425-um (No. 40) sieve consists only ol individual
sand or gravel grains

10 23 Place material remaining on Ihe 425-
jjm (No 40) sieve after ihe final pulven/mg
operations in a dish and soak in a small amount
of waler. Stir Ihe soil water mixture and pour
over Ihe 425-um (No 40) sieve, catching the
water and any suspended lines in the washing
pan Pour this suspension into a dish containing
Ihe dry soil previously sieved through the 425
um (No 40) sieve Discard maienal relamcd on
the 425-um (No 40) sieve

10 24 Adjust the walci content as necessary
by drying as described in 10 .1 .2 . ) or by mixing
on ihe glass plate, using Ihe spatula while adding
increments of chsiilled or demmeialiied water,



unhl Ihe soil is al a water conlenl thai will result
in closure of the groove in 25 to 35 blows.

10 2 5 Put soil in Ihe storage dish, covet to
prevent loss of moisture and allow to stand lor
al least 16 h Alter the standing period, and
immediately before starting the test, thoroughly
remit the soil (Note 8).

II. Procedure
111 Place a portion of the prepared soil in

the cup of the liquid limit device al Ihe point
where the cup rests on Ihe base, squeeze it down,
and spread it into Ihe cup to a depth of about 10
mm al its deepest point, tapering to form an
approximately horuontal surface. Take care lo
eliminate air bubbles from the soil pal but form
the pal with as few strokes as possible. Heap the
unused soil on the glaxs plate and cover with the
inverted storage dish or a wet towd.

11.2 Form a groove in Ihe soil pal by drawing
the tool, beveled edge forward, through the soil
on a line joining the highest point to the lowest
point on the rim of the cup. When cutting the
groove, hold Ihe grooving tool against the surface
of the cup and draw in an arc, maintaining the
tool perpendicular lo the surface of the cup
throughout its movement. See Fig. 5. In soils
where a groove cannot be made in one stroke
without tearing the soil, cut the groove with
several strokes of the grooving tool. Alternatively,
cut die groove to slightly less than required di-
mensions with a spatula and use the grooving
tool to bring Ihe groove to final dimensions.
Exercise extreme care to prevent sliding the soil
pat relative to the surface of the cup.

113 Verify thai no crumbs of soil are present
on the base or the underside of the cup. Ufi and
drop the cup by turning Ihe crank al a rate of 1.9
to 2.1 drops per second until the two halves of
the soil pal come in contact al Ihe bottom of Ihe
groove along a distance of I) mm (Vi in.). See
Fig, 6.

Non 10— Hie UK cod at the grooving tool. Fig. 2,
of * «cak to verify thai the groove hat dand 13 mm
(Vi in.).

11.4 Verify that an air bubble has not caused
premature closing of the groove by observing thai
both sides of the groove have flowed together
with approximately the same shape. If a bubble
has caused premature closing of the groove, re-
form the soil in the cup, adding a small amount
of soil 10 make up for that lost in the grooving
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operation and repeal III lo 111 If Ihe sod
slides on Ihe surface of Ihe cup, repeal III
through 11 3 al a higher water conlenl. If, aftei
several Inals al successively higher water con-
tents, Ihe soil pal continues lo slide in the cup oj
if Ihe number of blows required to close Iht
groove is always less than 23, record that (he
liquid limit could not be determined, and report
Ihe soil as nonpUslic without performing tbc
plastic limn test.

115 Record the number of drops, N, required
to close the groove Remove a slice of soil ap-
proximately the width of Ihe spatula, extendint
from edge to edge of the soil cake al righl angle
to the groove and including thai portion of the
groove in which the soil flowed together, place ID
a weighed container, and cover.

11.6 Return the soil remaining in the cup lo
the glass plate. Wash and dry the cup and groov-
ing tool and realtach the cup lo the carnage ii
preparation for the next trial.

11.7 Remix the entire soil specimen on the
glass plate adding distilled water to increase Ihe
water content of Ihe soil and decrease the numba
of Mows required lo close the groove. Repeal
II.I through 11.6 for al least Iwo additional triad
producing successively lower numbers of blows
to close the groove. One of the trials shall be for
a closure requiring 25 lo 35 Mows, one for closure
between 20 and 30 blows, and one trial for i
closure requiring 15 to 25 Mows.

11.8 Determine Ihe water content, WH, of the
soil specimen from each trial in accordance will
Method D 2216. Make all weighings on the same
balance. Initial weighings should be performed
immediately after completion of Ihe lest. If tbt
lest is to be interrupted for more than about 15
min, the specimens already obtained should be
weighed at the lime of the interruption.

12. CalotetkM*
12.1 Plot the relationship between the water

content, WN, and the corresponding number of
drops, /V, of Ihe cup on a semilogarithmic grapfe
with the water conlenl as ordinales on Ihe arilb-
metical scale, and the number of drops as abscis-
sas on the logarithmic scale. Draw the best
straight line through the three or more plotted
points.

12.2 Take the water conlenl corresponding to
the intersection of the line with the 25-drop
abscissa as the liquid limit of the soil. Compuu-
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lional methods may be substituted for Ihe graph-
teal method for filling a straight line lo the data
and determining the liquid limit.

ONK POINT LIQUID LIMIT—PKOCtOURKJi
C AND D

|3. Preparation of Test Specimens
13.1 Prepare the specimen in the same man-

ner as described in Section 10. except that al
mixing, adjust Ihe water conlenl to a consistency
requiring 20 to 30 drops of the liquid limit cup
to close the groove.

14. Procedure
14.1 Proceed as described in 1 1 . 1 through

11.5 except lhal the number of Mows required to
close the groove shall be 20 to 30. If less than 20
or more lhan 30 Mows are required, adjust the
water content of the soil and repeal Ihe proce-
dure.

14.2 Immediately after removing a water
content specimen as described in 11.5, reform
the soil in Ihe cup, adding a small amount of
soil to make up for that lost in Ihe grooving and
water content sampling operations. Repeat 11.2
through 11.5. and, if the second closing of the
groove requires the same number of drops or no
more than two drops difference, secure another
water content specimen. Otherwise, remix the
entire specimen and repeal.

Nou II—Etcesuve drying or inadequate mining
will cause the number OS blows u> vary

143 Determine water contents of specimens
as described in 11.8.

IS. Calculations
151 Determine Ihe liquid limit for each water

content specimen using one of the following
equations:

l.L '

I I . - K(H,)

where:
N = the number of blows causing closure of the

groove al water conlent,
II'* = water content, and
A' = a factor given in Table I

The liquid limit is the average of the two Inal
liquid limit values.

15.2 If the difference between Ihe Iwo inal

liquid limit values is greater lhan one percentage
point, repeal Ihe test.

HAS IK LIMIT

16. Preparation of Test Specimen
16.1 Select a 20-g portion of soil from the

material prepared for the liquid limit test, either
after the second mixing before the lest, or from
the soil remaining after completion of Ihe lest
Reduce the water content of the soil lo a consist-
ency at which it can be rolled without sticking to
Ihe hands by spreading and mixing continuously
on the glass plate. The drying process may be
accelerated by exposing the soil to Ihe air current
from an electnc fan. or by blotting with paper
lhal does not add any fiber to Ihe soil, such as
hard surface paper toweling or high wet strength
filter paper.

17. Procedure
17.1 From the 20-g mass, select a portion of

1.5 lo 2.0 g. Form the lest specimen into an
ellipsoidal mass. Roll this mass between the palm
or fingers and the ground-glass plate with jus)
sufficienl pressure to roll the mass into a thread
of uniform diameter throughout its length (Note
12). The thread shall be further deformed on
each stroke so that its diameter is continuously
reduced and its length extended until the diam-
eter reaches 3.2 ±05 mm (0 125 ±.020 in),
taking no more lhan 2 mm (Note 13). The
amount of hand or finger pressure required will
vary greatly, according lo the soil. Fragile toils of
low plasticity are best rolled under the outer edge
of the palm or al Ihe base of Ihe Ihumb.

Nmt 12—A normal rale of rullini for moil mils
should be 80 lo 90 strokes per minute, counuaf •
tlrokc as one complete motion of Uw hand forward and
back lo Ihe starting position This rale of rolling may
have lo be decreased for very fragile mis.

NOTI 13—A 3 2-mm (Ib-in.) diameter rod or lube
is useful for frequent companion with Ibe toil thread
U> ascertain when the thread has reached the proper
diameter, especially for inexperienced operators

1 7 1 1 When Ihe diameter of the thread be-
comes 32 mm. break the thread into several
pieces Squeeze the pieces together, knead be-
tween Ihe Ihumb and first finger of each hand,
reform .nlo an ellipsoidal mass, and reroll Con
linue this alternate rolling to a thread 32 mm in
diameter, gathering together, kneading and re-
rolling, unlil Ihe thread crumbles under the pres-
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wire required for rolling and Ibc soil can no
longer be rolled into • 3.2-mm diameter thread
(Sec Fig- 7) It has no significance if the thread
breaks into threads of shorter length. Roll each
of these shorter threads to 3.2 mm in diameter.
The only requirement for continuing the lest is
that they are able to be reformed into an ellip-
soidal mass and rolled out again. The operator
shall at no time attempt to produce failure at
exactly 32 mm diameter by allowing the thread
to reach 3 2 ram, then reducing the rale of rolling
or the band pressure, or both, while continuing
the rolling without runner deformation until the
thread falls apart. It is permuuble, however, to
reduce the total amount of deformation for feebly
plastic sous by making the initial diameter of the
ellipsoidal mass nearer to the required 3.2-mm
final diameter. If crumbling occurs when the
thread has a diameter greater than 3.2 mm, this
shall be considered a satisfactory cod point, pro-
vided the soil has been previously rolled into a
thread 3.2 mm in diameter. Crumbling of the
thread will manifest iladf differently with the
various type of soil. Some sous (all apart in
numerous mull aggregations of particle*, others
may fcvm an outnde tubular layer thai starts
splitting at both ends. The splitting progresses
toward the middle, and finally, toe thread (alls
apart in many small plaly particles. Fat day soils
require much pressure to deform the thread,
particularly as they approach the plastic limit
With these soils, the thread break* into a series
of barrei-diaped segments about 3.2 to 9.5 mm
Oto Kin.) in length

17.2 Gather the portions of the crumbled
Iliread together and place in a weighed container.
Immediately cover the container.

173 Select another I 5 to 2.0 g portion of soil
from the original 20-g specimen and repeal the
operation* described in 17.1 and 17.2 until the
container has at least 6 g of soil.

17.4 Repeal 171 through 17.3 to make an
other container holding at least 6 g of soil. De-
termine the water content, in percent, of the soil
contained in the containers in accordance with
Method D 2216 Make all weighings on the same
balance

N<TO 14—The mirtil ot performing two ptaMit
limil null a to verify the coouocncy of the lot roulU.
ll a •ucepuMe practice u> perfonn only one plasuc
limit trul when lt>e consistency ID the lea rcsiitu an
be continued by ochei mean]

18. CalciilaliMtt
181 Compute the average of the two

contents If the difference between the two
contents is greater than two percentage
repeal the lest The plastic limit is the average ̂
the two water contents.

INDKX

f.d.0 k. Oil I I l U*M Lta* »«- W.l«

19. CalnilafkMs
191 Calculate the plasticity indei

n - /./. n
where
/./. = the liquid limit,
PI. - the plastk limit.

Both LI. and PI are whole numbers. If ciuV,
the liquid limit or plastic limil could not he
determined, or if the plastic limit is equal to «
greater than the liquid limil, report the soil u
nonplastic, NP.

JO. Report
20.1 Report the following information:
20 I I Sample identifying information,
201.2 Any special specimen selection procesi

used, such as removal of sand lenses from undis-
turbed sample,

20.1.3 Report sample as airdried if the sample
was airdned before or during preparation,

20.1.4 Ijquki limil, plastic limit, and plastic-
ity indei to the nearest whole number and omit-
ting the percent designation. If the liquid limil or
plastic limit tests could not be performed, or \S
the plastic limit is equal to or greater than the
liquid limit, report .he soil as nonplastic, NP,

20.1 5 An estimate of the percentage of sam
pie retained on the 425 urn (No 40) sieve, and

20.1.6 Procedure by which liquid limit was
performed, if it differs from the multipoint
method

21. Precision and Bias
211 No imerlaboraiory testing program has

as yet been conducted using this test method to
determine mullifaboraiory precision

21 2 Itie within laboratory precision of the
results of tests performed hy different operators
at une laboratory on two soils using Procedure *
for thx- i"iuid limit is shown in fable 2

- — N
(Nuiohw of IXtifM)

20
21
22
2)
24
25
26
27
It
29
W

K
(f-actur lor Liquid Ijmil)

0974
0979
0915
0990
099)
1000
toot
1009
1014
1011
1022

.._

sail A
PI
11

U

Averse Vtluc. I

21 9
2 7 9

2O I
3 2 6

I 07
107

I 21
091
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Canonle Boring Log
Legend

(Number) Soil samples are "umcered consecutively from the ground SL''ace. Core samples ire
numbered consecutively from tne first core run.

Type: A- Aug«r Cuttings
PT- Piston Tuoe

CD' Core Sun
ST- Shelby Tube

MS- Modified Spoon
SS- Sp l i t Spoon (2- 0 . 0 . )

PB- Pitcher Barrel
yC- Masn Cu t t ings

Interval: The depth of sampling interval in feet Below ground surface.

BIOM COUNT

The number of blows required to drive a 2-inch 0.0. split-spoon sampler »ith a 1*0 pound nammer f a l l i ng
30-inches. When appropriate, tne sampler is driven 18 incites and Blow counts are reported for each
6-inch Interval. The SUM of Blow counts for the last too 6-inch intervals is designated as tne standard
penetration resistance (N) expressed as blows per foot.

RECOVER* IN INCHES

The length of sample recovered by the sampling device.

J.S.C.S. SOIL TYPE

The Unified Soil C lass i f i ca t ion System symbol for recovered so i l samples determined Dy v i s u a l examination
or laboratory tests. Refer to ASTM 02487-69 for a detailed description of procedure and symuols. Under-
lined symbols denote c lass i f i ca t ions based on laboratory tests ( ie: ML), all others ire based on v i sua l
classif icat ion only.

PERCENT MOISTUKE

Natural moisture content of sample expressed as percent of dry weight.

ay^ TSf

one on fined compress we strength in tons per square loot obtained by Hand Penetrometer .
compression test values are indicated by underlining.

CONTACT DEPTH

laboratory

The contact depth between soil layers is interpreted from significant changes in recovered samples and
observations during drilling. Actual changes between soil layers often occur gradational ly and the
contact depths shown on tne boring logs should be considered as approximate.

SOIL PC SCRIPT ION AND HE MAMS

Soil descriptions include consistency or density, color, predominant soil types, and modifying const i tuents.
COHESIVE SOIL J

Consistency qu (T5F1
Very Soft less than 6.25

Soft 0.25 to 0.50
Medium Stiff 0.50 to 1.00

Stiff 1.00 to 2.00
Very Stiff 2.00 to 4.00

Herd more than 4.00

81 3M /Ft .

2-4
5-8
9-15

15-30
Over 30

COHESIONLESS SOILS
Density Blows Per Foot

Very Loose * or less
Loose 5 to 10

Medium Dense 11 to 30
Dense 31 to 50

Very Dense over 50

POmTIClE SIZE OtSCTIrTiai

Boulder •
Cobele •
(ravel •
Sand •
Silt and Clay

Larger then 12 Inches.
3 to 12 Inches.
0.187 to 3 1nch«*.
0.074 m> to 4.76 m.
Smeller then 0.074 m.

OEFINITIOB Of TEMg

Tract • 5 to 12 percent by weight.
Somt « 12 to 30 percent by weignt.
And * Approximately equal fractions.
( )• Driller's observation.

PIEZO.

(Piezometer) Screened Interval of the piezometer Installation Is denoted by cross-hatching.

SfNCMl NOTE

The boring logs and related information depict subsurface conditions only at the specified locations and
date Indicated. Soil conditions and water levels at other locations may differ from conditions occurring
at these boring locations. Also the passage of time may result In a change in the conditions at these
boring locations.

SOIL TEST 8001N6 REFUSE.

Defined as any material causing a blow count greater than 50 blows/6 Inches. Such material nay inc'ude
bedrock, 'floating' rock slabs, boulders, dense gravel seams, or cemented soils. Refusal Is usually
indicated In fractional notation showing number of blows as tne numerator and Inches of penetration as the

ilnator.
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BOTTOM SAMPLING DREDGE
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Bottom Sampling Dredge
'his grao type Dredge features (low through design for low drag and good
descent acuity Positive acting jaw and lid control system An excellent tool tor
obtaining quantitive and qualitative sampling of soft river, stream ana lake
bottoms Optional Operating Handle allows shallow sampling by hand 430-350
Bottom Sampling Dredge comes complete with poiyurethane finished marine
Plywood carrying case dredge, messenger, 100' sounding line, and screened
*ash oucket

Features
• One man operation

Specifications
Soiig brass *itn siainiess i springs ana capies
216 coDic ncnes <3450 c"""

. 6' « 6"
Sounding Line Nylon

30cm x 39crn * J9crni

430-350. Bottom Sampling Dredge

.'/eights
Net 20 !bs '9Kgi. Shog 28*3 | l3kg)

Accessories Options
430-351. Operating Handle. 5'
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Rock Core
Log Legend

CORING DATA

SIZE: The nominal diameter of rock core is designated by:
BQ« 36.5 mi (1.432 inches) AU- 30.1 mm (1.185 inches)
NQ- 47.6 ran (1.875 inches) SW 42.0 am (1.65̂  inches)
HO- 63.5 ran (2.500 inches) NU- 54.7 mi (2.155 inches)
PQ- 101.6 mm (4.0 inches) Nx- 54.0 ran (2.125 inches)

PRESS., PSI: Denotes hydraulic down pressure in pounds per square inch.

RATE, FPM: Denotes drilling penetration rate in feet per minute.

X CR: (Percent Core Recovery) The length of recovered core divided by the length of core run
and expressed as a whole percent.

LOSS: Graphic zone of ', .. . .jie (solid) or significant drill water losses (cross-hatched).

DISCONTINUITIES

SQD: (Rock Quality Designation) The total length of recovered rock core pieces. 4 inches or longer
divided by the length of core run and expressed as a whole percent. Mechanical breaks during
sampling are considered as unbroken core.

FPF: (Fractures per Foot) The average number of separations of all types (including mechanical
breakage during sampling) per foot of recovered core.

JOINTS: Natural separations usually inclined to and crossing the bedding planes. Joint location and
orientation is denoted by angular dip (degrees) with respect to assumed horizontal.

h« horizontal joint, v» vertical joint, s- slickensided joint

Joint filling materials are denoted by: cl» clay Ca« calcite
py« pyrite Fe« iron oxide (rusty)

Joint spacing is denoted by: vc» very close (less than 2 Inches)
c> close (2 inche« to 1 foot)

me* moderately close (1 foot to 3 feet)
w* wide (3 feet to 10 feet)

vw» very wide (greater than 10 feet)

BEDDING

Bedding planes are approximately horizontal unless otherwise stated. Notations include only actual
separations (natural and mechanical) on bedding planes.

Spacing of bedding separations is denoted by: TT- very thin (less than 2 inches)
TN" thin (2 Inches to i foot)
«• medium (1 foot to 3 feet)
TK- thick (3 feet to 10 feet)
VT- very thick (greater than 10 feet)

Condition of bedding separation is denoted as: o» open s» stained
t« tight 'it* mineralized

cl- clay filled

HARDNESS

VH* (very hard) Cannot be scratched with knife. Breaks under several strong hammer blows witn very
resistant sharp edges.

H- (hard) Can be scratched with knife with difficulty. Breaks under one or 'to strong hammer blows
with resistant sharp edges.

MH« (moderately hard) Can be scratched with knife. Breaks easily under single hammer slow witn cruffoi
edges.

S» (soft) Can be easily scratched or grooved with knife. Breaks under pressure of pressed hammer.
VS» (very soft) Can be carved with knife or scratched with fingernail. Breaks under finger pressure.

STRENGTH TESTS

Qu: Jnconfined compress:ve strength in tons per square foot.

Is: Diametrically loaded point load strength index in pounds per square inch. Parentneses indicate
a x i a l l y 'oaded samples.
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Canonie Observation
Well Details
PROJECT No.

WELL No.

PROJECT NAME

BORING LOCATION DATE BY

«
i I

. NOT BRAWN TO SCALE.
2. SEE SORING LOG

DETAILED SOIL DESCRIPTION.

EL.
DEPTH

EL.
DEPTH

EL.
DEPTH

EL.
DEPTH

EL.
DEPTH

EL.
D E P T H

•GROUND SURFACE

TOP OF SEAL

•TOP OF BACKFILL

TOP OF SCREEN

-BOTTOM OF SCREEN

•BOTTOM OF BORING
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Observation
Well Details
PROJECT No. 86-059

WELL No.

PROJECT NAME WAUKEGAN HARBOR

BORING LOCATION DATE BY

I •

t

NOTTS-

fc

• to

^

'j.

^

^

-*

—

"* h—

\

^

^

//

^>

||

^^- LOCKING STEEL CAP

— —— PVC CAP

^—— 4" DIA. STEEL PIPE

————————————————— GROUND SURFACE

^— CONCRETE

————————————————— TOP OF SEAL

^^— T DIA. SCH 80
BLANK PVC PIPE

^— — VOLCLAY GROUT

————————————————— TOP OF BACKFILL

————————————————— TOP OF SCREEN

/- 0.010" SLOT
X 1" DIA. SCH 80

PVC SCREEN

^—NATURAL WELL-GRADED SAND BACKRLL

————————————————— BOTTOM OF SCREEN

nnTTnii r\c nnoiMr

'. \OT DRAWN TO SCALE.
5" 3 A.

TYPICAL WELL DE'AIL
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APPENDIX H

LABORATORY FORMS FOR SOILS ANALYSIS

Moisture Content Form
Sieve Analysis and 200 Wash Form
Grain Size Curve
Standard Proctor Form
Consolidation Form
Atterberg Limit Form
Permeability Form
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CanonieEnvironmental WATER CONTENT
DETERMINATION

PROJECT__
PROJECT No.
BORING No. _

TECTTD BY
CALC. 8Y_
CHKD BY_
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DATE
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C&noiUoEnvirarimental TRIAXIAL CELL
PERMEABILITY
COMPUTATIONS
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SAMPLE No. .
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DATE

SAMPLE DEPTH
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L/A

;VOLUME=AxL (cm3)

BEFORE
TEST

AFTER
TEST

——————

%
OIFF.

SPECIFIC GRAVITY (G, ) =
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Q
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cm -1

cmJ '^
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. _ _ . _ _ _ , _ ( ib/in*)044 h j/ft j)(30.48 cm/ft)
H = DIFFERENCIAL HEAD, cm = AP/Jw =

62.4 Ib . / f t 3

COEFFICIENT OF PERMEABILITY = CL./AH (CONSTANT HEAD EQUA10N) /" r̂ -i -
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Packing and Shipping Guidelines

I. INTRODUCTION

The Federal Regulations set forth by the Department of Transportation (DOT) for
the packaging, labeling, and shipping of hazardous materials are extensive and
broadly applicable. Therefore, a copy of the DOT requirements as described in
the Code of Federal Regulations, 49 CFR 171-177, is an essential reference for
those anticipating the need to ship samples of hazardous materials. What
follows are generalized guidelines for compliance with DOT standards, along with
references to the applicable sections in the Federal Register. It may be pru-
dent to cnec< with state auu local ager...ies for any additional requirements or
restrictions they may have.

II. SAMPLE TYPES

In selecting the proper shipping procedures, it should first be decided which of
the two basic categories the sample falls into: Environmental Sample or
Hazardous Substance Sample. An additional need for this distinction is to pro-
vide bases for selecting health and safety precautions for the laboratory per-
sonnel receiving and handling the samples.

A. Environmental Samples - These are samples of soil, water, or air
usually collected off-site of a hazardous waste dump or chemical spill,
and are therefore not expected to be contaminated with high con-
centrations of toxic materials. The function of "environmental sample"
collection is usually to monitor the extent of contamination and/or the
off-site transport of contaminated materials. If there is doubt as to
the suitability of a sample to this classification, it should be placed
in the Hazardous Substance category.

8. Hazardous Substances - Samples falling into this group are known or
expected to be contaminated at concentrations that are potentially
harmful; including, but not limited to, on-site samples of soil or
water, samples from drums or bulk storage tanks, contaminated pools,
lagoons, etc., and leachates from hazardous waste sites.
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These are operational definitions intended to aid in making decisions concerning
sample handling and shipping. The specifics of the DOT definitions are found in
40 CFR 261.3, and 261.4.

III. ENVIRONMENTAL SAMPLES

Although packaging and shipping requirements for environmental samples
(associated with hazardous waste situations) are not as stringent as for hazar-
dous waste samples, it is recommended that the following general packing proce-
dure be utilized to ensure safe delivery and maintain sample integrity. This
becomes especially important when samples are being transported by common
carrier. If sufficient information is available concerning the nature of the
sampled material, the following may be relaxed accordingly.

SHIPPING OF ENVIRONMENTAL SAMPLES

When a sample is shipped to the laboratory, it must be packaged in a proper
shipping container to avoid leakage and/or breakage. A cardboard box that w i l l
provide at least 10 cm (4 inches) of tight packing around the sample container
must be used. Acceptable packing materials include sawdust, crumpled newspaper,
vermiculHe, polyurethane chips, etc. Other samples that require refrigeration
roust be packed with reusable plastic packs or cans of frozen freezing gels in
molded polyurethane boxes with sturdy fiberboard protective case. The boxes
roust be taped closed with masking tape or fiber plastic tape.

All packages must be accompanied by a sample analysis sheet and chain-of-custody
record. Complete address of the sender and the receiving laboratory must
legibly appear on each package. When sent by mail, register the package with
return receipt requested. When sent by common carrier, obtain a copy of the
b i l l of lading. Post office receipts and b i l l of lading copies may be used as
part of the chain-of-custody documentation.

It should be noted that the addition of the following "hazardous" compounds as
preservatives to environmental samples will not alter the Environmental classi-
fications provided the following criteria are met:
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1. Hydrochloric acid solutions at concentrations 0.04 percent (w/w) or
less;

2. Mercuric chloride in water solutions at concentrations less than or
equal to 0.004 percent (w/w);

3. Nitric acid in water, concentrations less than or equal to 0.15 percent
(w/w);

4. Sulfuric acid solutions, concentrations less than or equal to 0.035
percent (w/w);

5. Sodium hydroxide in water, concentrations less than or equal to 0.080
percent (w/w);

6. Phosphoric acid in water, concentrations yielding a pH range between 4
and 2.
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FOREWORD

This report was prepared by Woodward-Clyde Consultants. Western Region,
San Francisco. California under USBM Contract Number J026S045. The
Contract was Initiated under the Advancing Metal and Non-Metal Mining
Technology Research Program. It was administered under the technical
direction of the Twin Cities Mining Research Center with Mr. Peter 6.
Chamberlain acting as the Technical Project Officer. Mr. David L. Vila
was the contract administrator for the Bureau of Mines.
This report Is a summary of the work recently completed as part of this
contract during the period October 1976 to August 1977. This report was
submitted by the authors on 31 JUL 77
The authors wish to acknowledge the program direction and constructive
review of this report by Or. Ill rich Luscher. Woodward-Clyde Consultant's
Principal-1n-Charge for this project, and contributions to the report
by Ms. Karen Hee. Staff Geologist and Simon Ktsch, staff engineer for
equipment data.
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For constant flow tests, plot H versus log t (Note: If transducer is
used to measure head in psi, use conversion 1 psi « 2.31 ft of water).
Find H as t * -. This is the steady state head in the well.
For constant head tests, plot Q versus log 1/t. Find Q as 1/t * 0.
This is the steady state flow. For packer tests, prepare one plot
for each applied pressure.

ii) Determine Effective Head at Test Zone (Packer Test Only)

If pressure is measured with a pressure gage above the ground surface,
the following procedure is necessary. Estimate the head loss, H(_, in
the drill rods and hose between the pressure gage and the test section.
This data must be provided by calibrating the equipment before the test,
as described in Section 7.4.4. The head loss HL * PL/YW» where PL is themeasure pressure loss 4n the system and YW 1s the unit weight of water.
If calibration curves have not been developed for the specific test equip-
ment, the head loss HL can be estimated by the use of Figure 7-5.

Hp is the pressure head added by the pu*p and measured at the pressure
gage.
Helev 1s ttt height of the column of water froa the bottom of the test
section to the pressure gage.

Then H » Hp + He]ev - HL » the effective heed at the test zone.
Note: If a pore pressure transducer 1s used, the effective head at the
test zone is obtained directly by measuring the pressure in the test
cavity and converting to the equivalent head of water.

Hi) Determine the "Zone" of the Test
The zones defined below are developed in USSR publication G-97.
Zone 1: Above the water table and unsaturated.
Zone 2: Above the water table, but saturated by capillary action

or close enough to the water table to create a continuous
saturated zone between the test section and the water table
during the test.

Zone 3: Below the water table.
Let H • the constant height of water 1n the well or the effective

head, as defined for packer tests.
0,, - the depth from the base of the test section to the ground-

water level or to an impermeable stratum. For purposes of
creating a partially saturated zone in the vicinity of the
test section, an impermeable stratum 1s equivalent to the
water table (USSR, Earth Manual) (Zones 1 and 2).

L = length of the test section.
HW = the pretest groundwater level in the well.
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vi) Then K

wnere Qc Is the constant flow under steady state conditions.

v11) Additional methods of analysis are available 1f data can also be obtain-
ed from observation wells near the test well. Refer to Figures 8-12 and
8-13 and determine if the conditions art similar to the conditions of
the test to be analyzed. Figure 8-12 1s for Zone 1, overlying an Im-
permeable bed. Figure 8-13 1s for Zone 3. The formulas for coaputlng
the permeability are given on each figure.

3.3 WELL PUMPING TESTS

8.3.1 Background

The analysis of well pumping tests has been covered extensively 1n the
technical literature. The background for the solution methods used here
can be found 1n the references cited below.

Equations presented in this section may conform to traditional and frequently
inconsistent units of measurement. In such cases, two forms of the equation
are given - one which requires those traditional units specified, and one
which is valid for any consistent system of units. The latter form is
referred V.Q 1n the text and figures as that valid for "compatible units."

In the fo'lowing discussion, the water-bearing stratum whose per-
meability Is determined by well-pumping tests 1s called an "aqui-
fer. ' If the aquifer is overlain/underlain by a less permeable
stratum, then that overlying/underlying layer is called an "aqul-
tard."

Well pumping tests are usually run for a maximum of several days.
As a result of the short time span of the test and the nature of
recharge to the aquifer, equilibrium conditions may not be reach-
ed during the pumping test. Consequently, many well-pumping ana-
lysis methods are for non-steady state conditions, i.e. before
equilibrium is reached. Equilibrium methods are easy to use but
are only appropriate when steady-state conditions have been
achieved.

Figure 7-13 is a schematic of a well pumping test. It defines some
of tne D a s i c parameters used in the analyses.

Perrueabi' ::y, K, is a function of tne more common hydrologic term,
t r a n s m i s s i v i t y , T. K =• T/m where m is the saturated thickness of
tne aquifer. The value "m" is determined by borings or other
exploratory methods. As a result of the analysis of the pumping
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HEALTH AND SAFETY PLAN
PRE-DESIGN PHASE

WAUKEGAN HARBOR SITE
WAUKEGAN, ILLINOIS

1.0 INTRODUCTION

The health and safety plan addresses the procedural requirements to protect
workers during the pre-design field exploration activities at the Waukegan
Harbor job site (Site). The specific activities are described in the Work
Plan. The action involves the installation of borings, piezometers,
borehole logging, test pit excavation, well development, site surveying,
and the collection of samples of ground water, soil, harbor sediments, and
recovery of water that has contacted the sediments. This document
describes specific safety procedures which will be utilized for all on-site
personnel involved in the pre-design field activities, including drilling
and excavation subcontractors. The plan will be implemented in accordance
with the OSHA Safety and Health Regulations for Construction, 29 CFR 1926
and OSHA Standards for Hazardous Waste Operations and Emergency Response
(Interim Final OSHA Rule - December 19, 1986), 29 CFR 1910.120.

The plan presents a realistic approach to the anticipated hazards at the
Site, however, site conditions may vary through the duration of the pro-
ject. As actual site conditions change, parts of the plan may be revised
if site conditions warrant. All changes in health and safety measures
specified must be approved by the corporate health and safety officer.
Canonie's corporate health and safety officer is Ms. Irene Fanelli.

All information presented in this plan will be presented and available to
all on-site employees and subcontractors. A copy of this plan w i l l be
available at all times on the Site.

The Canonie site health and safety officer for Phase I, pre-design field
exploration activities, will be Mr. Kevin Brissette. Alternate Canonie
health and safety officers are Mr. Peter Romzick or Mr. Mitch Obradovic.



Section: 1.0
Revision No.:
Date: August 22, 1988
Page: 2

The site health and safety officer has the authority and responsibility to
implement all aspects of this plan, including termination of all field
activities to resolve health and safety issues. The site health and safety
officer is responsible for updating this plan with approval from a
corporate health and safety officer, as conditions warrant. The project
manager has the overall responsibility for the project including health and
safety. The project manager remains unchosen at this time.
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2.0 SITE CONTROL

The Site will be divided into an exclusion zone, decontamination zone, and
support zone. The zones are defined as follows:

Exclusion Zone - The exclusion zone will be the area within a 50-foot
radius of any drilling, test pit, or sampling activities.

Decontamination Zone - A decontamination zone will be located within
each of the three containment areas, Figure 1. Because the soil
samples are not taken for purposes of chemical analysis, decontamina-
tion will occur only at completion of work in a proposed containment
area.

Support Zone - The support zone is considered to be the areas sur-
rounding the exclusion zone and the decontamination zone.

Only authorized personnel will be allowed to enter the decontamination and
exclusion zones. Such entry will be limited to personnel who have demon-
strated compliance with the medical and training requirements for the Site,
and who have the required level of protective equipment.
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3.0 HAZARDS ANALYSIS

Outboard Marine Corporation (OMC) used hydraulic oil that contained
polychlorinated biphenyls (PCBs). The PCBs are the only hazardous consti-
tuent of the oil.

The work activities associated with the exploration program present poten-
tial physical and chemical hazards to the workers involved. In all
instances, precautionary measures will be implemented to minimize those
risks.

3.1 Physical Hazards

As on all construction sites, there is a recognized potential for personal
injury due to "struck by/against" accidents. Personal protective equipment
will be required to guard against head, foot, and eye injuries.

Test pits will not be excavated to depths exceeding five feet without
sloping the sides of the excavation to a slope of 1:1 or more or providing
shoring in the test pit. Each test pit will be immediately backfilled and
compacted upon completion.

Soil borings will not be drilled within 15 feet of any overhead power lines
or any underground utilities, 29 CFR 1926.550(a)(15). All known power
lines and underground utilities are shown on Figure 1. The exact location
of overhead and underground utilities will be determined by contacting the
appropriate utilities prior to drilling or digging.

A potential for elevated noise exposure exists during the drilling opera-
tion. This hazard will be controlled through the use of hearing protection
such as ear plugs and/or ear muffs as directed by the health and safety
officer.
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It is not anticipated that heat stress will be a major consideration during
the duration of the pre-design program. The scheduled length of the
exploration is eight weeks. Exposure to cold and wet conditions is
possible during site activities. All personnel will be made aware of the
hazard and advised to wear warm clothing and rain suits. Rain gear will be
available for use on-site.

All personnel working over or near water, where the danger of drowning
exists, shall comply with U.S. Coast Guard or other safety regulations as
may be applicable.

3.2 Chemical Hazards

Based on previous sampling programs, the contaminant of concern at the site
is PCBs. PCBs are an oily liquid that have adhered to the sands and
sediments at the site. PCBs have a low volatility and therefore the
primary exposure is from airborne dust. Airborne PCBs can be irritating to
the eyes, nose, and throat. PCBs can also be absorbed through the skin,
and can accumulate in the liver and in fatty tissues. PCBs are listed as a
toxic substance in the Toxic Substance Control Act. Personal exposures to
PCBs will be controlled through the use of personal protective equipment as
described in Section 4.0.
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4.0 PERSONAL PROTECTIVE EQUIPMENT

Personal protective equipment will be provided for use by on-site person-
nel . Modified Level D protection will be required as a minimum for all on-
site personnel. Air monitoring levels in excess of the action levels
specified, in Section 8.1, will result in Level C protection being
required. All safety equipment will be NIOSH, MSHA approved or in
accordance with 29CFR 1910.134.

The specifics for modified Level D prc*--tion are as follows:

1. Hardhat;
2. Neoprene steel-toe boots or work boots;
3. Rubber gloves;
4. Safety glasses;
5. Hearing protection, as required based on OSHA regulations;
6. Polycoated Tyvek coveralls;
7. Flotation vests for work from barges.

In the event the action level is exceeded, it may be necessary to upgrade
the personal protective equipment to Level C.

The specifics for Level C are as follows:

1. Modified Level D protection;
2. PVC rain gear for personnel handling sampling equipment;
3. Dust masks;

Level B protection is not expected to be necessary during the exploration
program. If the site hazards exceed the protection afforded by Level C,
work activities w i l l cease while measures are taken to reduce the specific
hazards.
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The designated site health and safety officer w i l l be responsible for
determining the appropriate level of protection and may designate more
stringent levels than those described, where site conditions warrant such
action. The designated site health and safety officer will not reduce
protection requirements as defined herein, unless granted approval by the
corporate health and safety officer.
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5.0 MEDICAL SURVEILLANCE

A medical surveillance program provides a means of selection of employees
who are physically able to safely perform the work assigned and monitoring
their health on a regular basis.

The program consists of a pre-employment evaluation to determine fitness
for the job assignment, annual evaluation based on length of assignment,
and an end of employment evaluation. In addition, a special evaluation is
warranted upon notification by the employee that he/she has developed signs
or symptoms indicating possible exposure to hazardous substances.

Medical monitoring will be implemented for all site personnel. All staff
personnel included in an annual medical monitoring program will have had an
examination which includes:

1. Medical history;
2. Physical examination;
3. Pulmonary function test;
4. Resting EKG;
5. Urinalysis, including microscopic morphology and dipstick;
6. Seven frequency audiogram;
7. Complete blood count with platelets and differential;
8. SMAC blood chemistry screen;

All personnel employed specifically for the exploration activities and not
on an annual program will receive a pre-employment examination. The pre-
employment examination will include:
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1. Complete medical history;
2. Physical examination;
3. Pulmonary function test;
4. Resting EKG;
5. Seven frequency audiogram;
6. Urinalysis, including microscopic morphology and dipstick;
7. Complete blood count with platelets and differential;
8. SMAC blood chemistry screen.
9. Chest x-ray: 14-inch by 17-inch posterior/anterior;
10. Lumbar sacral x-ray, two views;
11. Blood level PCBs.
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6.0 EMPLOYEE TRAINING

All personnel on-site will have training and/or prior experience which
meets the requirements of 29 CFR 1910.120. The Canonie corporate health
and safety training program includes a 40-hour course and an annual 8-hour
update training. All technical field personnel are included in the train-
ing program. The corporate training program includes the following areas:

1. Chemical hazards;
2. rnysical hazards,
3. Toxicology and permissible exposure limits;
4. Personal protective equipment and protection levels;
5. Respiratory protection (29 CFR 1910.134);
6. Air monitoring;
7. Confined spaces;
8. Corporate policies and site management;
9. Supervision of health and safety;
10. Site control;
11. Health and safety plans;
12. Medical monitoring and treatment of injuries;
13. OSHA compliance;
14. Personnel training;
15. Decontamination;
16. Practical exercises;
17. Case histories;
18. Drum handling;
19. Hazardous materials sampling.
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All on-site personnel will receive site-specific training which includes:

1. Site chemical hazards (including acute and chronic effects);
2. Site control and decontamination;
3. Emergency procedures;
4. Protection levels and equipment;
5. Proper use and maintenance of protective equipment.

All regulatory personnel and visitors needing access to the exclusion zone
will be expected to demonstrate compliance with these training require-
ments.

Site safety meetings will be held to apprise personnel of specific hazards,
air monitoring results, changes in the Health and Safety Plan, or other
topics determined by the corporate health and safety officer. These meet-
ings will be scheduled at the discretion of the health and safety officer,
but will be held at the initiation of field exploration, at the time of any
crew or subcontractor crew changes, and at least monthly thereafter if
exploration activities continue for more than a one-month period.
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7.0 DECONTAMINATION PROCEDURES

All drilling and sampling equipment leaving a containment cell will be
steam cleaned within the proposed boundaries of the containment cell. The
proposed limits of the containment cells are shown on Figure 1. Steam
cleaning will be used to remove mud, dirt, and other potential contamina-
tion. The equipment will be inspected after cleaning to verify removal of
contaminated materials. As a minimum, the personnel performing the steam
cleaning will wear rubber boots, gloves, and a rain suit.

All personnel exiting the exclusion zone will follow decontamination
procedures at the interface of the exclusion and support zones. The per-
sonnel decontamination procedures will be:

1. At the end of each day, all rubber boots, rubber gloves, and rain
suits will be cleaned with soapy water and long-handled brushes
then rinsed with clean water. The boots and gloves will then be
stored in plastic bags or as directed by the health and safety
officer.

2. All disposable protective clothing will be removed and placed in
plastic bags.

3. The rubber boots, rubber gloves, and rain suits will be inspected
for holes or other defects that compromise the integrity of the
equipment. If such a defect is found, the article will be dis-
carded in the same manner as disposable protective clothing.
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8.0 AIR MONITORING

The vapor pressure of PCBs indicates that there is little possibility of
volatilization from exposed soils. However, a portable organic vapor
analyzer (OVA) will be available on-site and will be used in a monitor mode
to record the volatile organic vapor level during the site work.

The driller, driller's helper, and field engineer will wear personal sam-
plers during the first day of drilling along either the East Containment
Cell slur.., .all alignmer* "r the Cresc°nt Ditch - Oval Lagoon (West Con-
tainment Cell) slurry wall alignment. The samples will be analyzed to
verify that workers are not exposed to any levels of PCBs above the action
limits. All personal monitoring will be conducted in accordance with NIOSH
Method 5503 and analyzed by an AIHA accredited laboratory.

8.1 Work Area Action Levels

8.1.1 PCBs

If the results of the personal monitoring indicate the airborne presence of
PCBs in concentrations in excess of 1 mg/m , the threshold l i m i t value-time
weighted average (TLV-TWA), site activities will cease while operations are
evaluated for options to reduce personnel exposures to within the personal
exposure l i m i t (PEL). Even if PCB exposure is not at levels of concern,
the health and safety officer may designate the use of dust masks in
combination with dust control.

8.1.2 Volatile Organic Compounds

If OVA measurements reach 10 ppm Time Weighted Average (TWA) above
background for 5 minutes or exceeds instantaneous levels of 100 ppm in the
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breathing zone, employee protection will be upgraded to Level C with use of
a half-face respirator with carbon cartridges.

If OVA measurements reach 25 ppm TWA above background for 5 minutes, in the
breathing zone, employee protection will be upgraded to Level C with the
use of a full-face respirator.

If OVA measurements reach 100 ppm TWA above background for 5 minutes, in
the breathing zone, work activities will cease until airborne hydrocarbon
levels can be reduced to less than 25 ppm TWA.
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9.0 EMERGENCY PROCEDURES

Local treatment facilities will be designated prior to implementation of
on-site activities. Travel routes will also be designated. At least one
person on-site or immediately available will have first aid and CPR
certification.

Emergency phone numbers and contacts are:
Police
Fire
Victory Memorial Hospital
St. Therese Medical Center
Poison Control Center (at St. Therese Medical Center)

Canonie Corporate Emergency Contacts:

Canonie Office
Timothy Harrington - Project Manager
Irene Fanelli - Corporate Health and Safety
Susan Walker - Corporate Health and Safety

A first aid kit will be located in the support zone.

623-2131
623-2121
360-3000
249-3900
360-2470

219/926-8651
219/926-8651
415/347-9205
303/367-4469

All injured employees will go through decontamination prior to leaving the
site for medical treatment, if possible. If decontamination procedures may
be expected to further injure or delay critical treatment of the employee,
the employee will be transported without decontamination. Medical response
personnel will be made aware of the need for decontamination, if necessary.

On-site emergencies are expected to be within the capabilities of on-site
personnel. In the event of a fire, accident, or injury, work activities
w i l l cease while the emergency is brought under control. Minor injuries to
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on-site personnel will be treated on-site or at the local facility desig-
nated for the Site. In the event of a major injury or where extensive
movement of the worker may cause further injury, local emergency medical
personnel will be contacted. If the worker can be moved out of the exclu-
sion zone safely, efforts will be made to do so. If not, emergency person-
nel will be admitted to assist the employee. Emergency personnel will be
provided with polycoated Tyvek coveralls, disposable boots, and gloves if
contact with PCBs is likely in responding to the emergency.

Any emergency vehicles entering the exclusion zone are expected to encoun-
ter only minimal contaminatior :!nce site activities will have ceased in
order to tend to the emergency. As such, decontamination should not be a
concern for emergency vehicles, but will be considered on a case-by-case
basis. The immediate life and health of the injured personnel is con-
sidered to be of utmost importance in comparison to decontamination of an
emergency vehicle, since contamination is expected to pose a negligible
risk to the public at large.
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10.0 RECORD KEEPING

The record keeping program will consist of the following documents contain-
ing the information described:

1. Training/safety meeting record: This record will include the
date, topics covered, persons attending, and the signature of the
person holding the meeting or training session.

2. OSHA ZOO: This recc.-_ contains the required information for
recording on-site injuries and illnesses. This record is gene-
rated by the corporate health and safety staff, and a copy is
maintained on-site.

3. Medical records: Employee medical records are maintained by the
examining physician, and copies are kept at the Canonie corporate
office. No medical records are maintained on-site.

4. Chain-of-custody: This record is maintained for all soil/water/
air samples collected for chemical analysis. This record contains
the name of all individuals who handle a sample, the sample iden-
tification, analysis requested, and sample destination.

Copies of the forms used for recording training/safety meetings, chain-of-
custody form, and the OSHA 200 form are presented in Appendix A to this
plan.
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11.0 SITE OPERATING PROCEDURES

11.1 General Site Health and Safety and Work Rules

1. No drinking, gambling, or illegal drugs will be allowed on-site.
Anyone reporting to work under the influence of alcohol and/or
illegal drugs shall be subjected to disciplinary action. Any
employee under a physician's care and/or taking prescribed nar-
cotics must notify the designated site health and safety officer.

2. Personal protective equipment is required in designated areas.
Such equipment may include, but is not limited to, respiratory
protection, earplugs, hardhat, rain suits, boots, gloves, poly-
coated Tyvek coveralls, and safety glasses.

3. Eating, drinking, smoking, and chewing gum or tobacco are not
allowed inside the exclusion area.

4. Changes in work practices or work rules shall be implemented only
after approval by the project manager and the designated site
health and safety officer.

5. Construction equipment always has the right-of-way over regular
vehicles.

6. All employees must clean up at the end of their shift before
leaving the site.

7. All protective clothing required will be supplied by the desig-
nated site health and safety officer. None of this equipment will
be permitted to leave the site until the completion of the pro-
ject.
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8. Employees are responsible to clean and maintain the protective
equipment issued to them. Any noted defects in the equipment
shall immediately be reported to the designated site health and
safety officer.

9. Employees shall listen for warning signals on construction equip-
ment and shall yield to construction equipment.

10. All equipment operators shall pay deliberate attention to watching
for workers on the ground who may be in their path and provide
warning to these peo^ie oefore moving.

11. All workers shall follow emergency procedures explicitly.

11.2 Conditions of Employment

1. All prospective employees must pass a pre-employment physical.
Failure to submit to, or pass any exam will be grounds for dis-
charge.

2. All employees must participate in the air quality exposure moni-
toring program by wearing the personal monitors or sampling
devices, if required and specified by the site health and safety
officer. Any employee refusing to participate in the program, or
who tampers with a sample, will be subject to disciplinary action.

3. All employees must complete a required training program prior to
starting work.

4. All employees are required to use the personal protection speci-
fied for their work. This may include, but is not limited to, a
dust mask, rain suit, gloves, boots, hardhat, hearing protection,
polycoated Tyvek coveralls, and safety glasses.
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5. All employees must abide by all safety rules and procedures as
described in the work rules and/or developed throughout the pro-
ject.

6. No smoking shall be allowed within 50 feet of drilling or test pit
excavation operation. Failure to abide by this requirement shall
be grounds for discharge.
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OPERATION AND MAINTENANCE PLAN
WAUKEGAN HARBOR SITE
WAUKEGAN, ILLINOIS

1.0 INTRODUCTION

This document constitutes the Operation and Maintenance (O&M)

Plan for Waukegan Harbor Site (Site).

When the remedial activities at the Site are complete, three

separate soi1-bentonite wall-enclosed containment cells with

covers, ground water extraction wells, ground water

piezometers, ground water monitoring wells, and a water

treatment facility will be operated and maintained. The three

containment cells are shown on Figure 1 and are designated as

the Slip No. 3 Containment Cell, West Containment Cell, and

East Containment Cell. The containment cells will encompass

areas of 1.5 acres, 3.4 acres, and 5.5 acres, respectively, and

will be covered with a combination of bituminous concrete and

vegetative covers. Table 1 summarizes the composition of each

cell cover. Ground water extraction wells in each containment

cell will provide an inward hydraulic gradient by maintaining

the water level within the cell at a lower hydraulic level than

the natural ground water level outside the cell. Piezometers

within each cell will be paired with a ground water monitoring

well outside the cell. The monitoring well piezometer pairs

will be used to monitor the hydraulic gradient across each
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containment cell boundary. The ground water monitoring wells

will also be used for obtain-'"': samples of the ground water

immediately outside of each containment cell soi1-bentonite

wall. The ground water treatment facility will treat the

ground water extracted from each containment cell prior to

discharge to the North Shore Sanitary District or to an on-site

location approved by U.S. EPA. Within 30 days of the

comple^"" for the final cap of each containment cell, the

operation and maintenance requirement of this Plan shall

commence with respect to that cell.

The operation and maintenance of the water extraction and

treatment system, containment cell caps, and ground water

monitoring system will continue for the period provided by

Section V.D.9 of the Consent Decree. The program will include

a regular inspection and monitoring schedule as described in

the following section. An indication of PCBs in the monitoring

well system will be assessed under the compliance procedures in

Section 4.0, and if the results indicate the soi1-bentonite

wall is failing to operate as designed, the wall will be

repaired subject to approval of the United States Environmental

Protection Agency (U.S. EPA). The operation and maintenance

program is subject to modification pursuant to Section V.D.9 of

the Consent Decree.
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2.0 MAINTENANCE OF FINAL COVER AND INSPECTION

The top surface of the final cap will consist of either

bituminous concrete or top soil overlying a drainage layer and

an HOPE synthetic liner. The top surface of the cap will be

inspected in accordance with the following schedules, and

repairs will be completed as soon as practical, weather

conditions permitting, after discovery of need for repair.

Inspections will provide a regular documented method of

insuring the integrity of the protective cover.

2.1 Inspection Schedule

If a bituminous concrete cover is installed, it will be

inspected each spring during the post-closure care period.

Cracks will be sealed with asphalt sealer. Potholes or other

deterioration of the asphalt surface will be repaired using

procedures recommended by the Asphalt Institute in MS-16

(Asphalt Pavement Maintenance, 1967).

If a vegetation and topsoil cover is installed, it will be

mowed twice per growing season and fertilized annually in the

spring of each year during the post-closure care period. In

addition, the vegetative cover will be inspected, every three

months during the first two years after completion of closure,

semi-annua1ly for 'the next two years and each spring during the

remainder of the post-closure care period.
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Any gullies or washes in the top soil cover will be backfilled,

compacted, reseeded, and mulched with straw. Any areas of dead

vegetation will be similarly treated. Lined or riprapped

drains will be installed if persistent erosion recurs in the

same location.

If it is necessary to excavate into the containment cells or if

damage otherwise occurs to the drainage layer or synthetic

liner, the following repair procedures will be followed.

1. The synthetic surface will be exposed and inspected
for signs of physical damage (punctures, slits or
tears). This may require cutting and removing or
rolling back the synthetic drainage materials.

2. The liner will be exposed at least 12 inches in all
directions from the damaged area.

3. In the case of a puncture, the damaged area will be
repaired by the application of extruded material or a
glued patch.

4. For a tear, slit or large puncture, the flaw will be
overlain by a panel of the same material which will be
bonded to the existing liner by an extrudate weld or
by glueing.

5. The extrudate weld or glued seam will be checked using
a vacuum box.

6. The synthetic filter or drainage layer will be
replaced and fastened in place to the existing
drainage layer.
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3.0 GROUND WATER MONITORING

Twelve ground water monitoring wells or such greater number as

determined to be necessary in the approved Design Report, will

be sampled and analyzed for PCBs on a quarterly basis for the

first two years and semi-annua 1 ly for the remainder of the

post-closure period. Analyses for PCBs will be by gas

chromatograph U.S. EPA M^^od 608.

The ground water monitoring wells will be installed after

completion of the soi 1-bentonite slurry wall at each

containment. The wells will be labeled with permanent

weatherproof designations. Background analysis will be

established by the first four quarterly seasonal sampling

occurring after well installation.

Ground water sampling will be completed in accordance with the

Remedial Action Quality Assurance Project Plan as follows:

1. The water level in the well will be measured and
recorded using an electric tape.

2. The electric tape will be rinsed with deionized water
between wells.

3. A sampling pump will be used to evacuate at least
three well volumes of water. The purge water will be
discharged on the ground surface unless previous
sampling indicated PCS levels of more than 0.010
ppm. Water which cannot be discharged on the ground
will be recharged into the containment extraction
wel Is .

4. A pre-cleaned one liter glass bottle will be filled
with water, sealed, and transported to a laboratory
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which meets the quality assurance standards for
U.S. EPA Method 608 .

5. The recharge rate of the well will be recorded for up
to one hour.

The record keeping and chain-of-custody requirements for the

sampling program are in Appendix A.

The ground water elevations in each of the piezometer/ground

water monitoring well pairs will be measured quarterly and

recorded on the ground water elevation monitoring log,

Table A-3. The measurements will be used to control the

extraction well pumps so that a hydraulic gradient differential

is maintained across the containment cell soi1-bentonite wall.

The frequency of measuring and recording maybe reduced, as

approved by U.S. EPA, if the rate of change in water elevations

is less than an average of six inches per month. Conversely,

the frequency may be increased to account for changes that may

result from changes in Lake level.

The ground water monitoring wells will be sounded annually to

determine if the well is open. Sounding will be completed with

a string and steel weight. The weight will be washed with

distilled water between wells and the string will be discarded.

Ground water detection monitoring, compliance monitoring, and

corrective action programs will be completed as follows:

1. Hazardous Constituents - Ground water monitoring will
be for PCBs and chlorinated organics per 40 CFR
761.75. The only other ground water monitoring will
be monitoring for pH, conductivity, and temperature
completed during the purging of the monitoring wells.
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If the B.E.S.T. solvent extraction process is used for
treating soils, the monitoring for the West
Containment monitoring wells shall include
t r iethylamine.

Well Locations - The well locations will be on a
boundary which will be a vertical plane located
approximately 20 feet from the soi 1-bentonite walls
enclosing each in-place containment. The boundary may
be closer or farther from the wall in certain
locations to account for proximity to structures or
other obstructions. Each monitoring well located on
the boundary will be paired with a piezometer
installed approximately 5 feet inside the
soil-bentonite wall so that the differential water
level across the soil-bentonite wall may be determined.

Compliance Period - The operation and maintenance
program will continue for the period in Section V.D.9
in the Consent Decree.

Detection Monitoring - Water samples will be analyzed
for PCBs by U.S. EPA Method 608 during detection
monitoring. The detection limit will be 1 ppb.
Reported values for PCB sampling of 1 ppb to 5 ppb
above background will be noted for reassessment at the
next monitoring event. PCB sampling results of nore
than 5 ppb above background will be verified by
resampling and analysis within two weeks of receiving
the laboratory results. A second result greater than
5 ppb above background will shift the ground water
monitoring program into compliance monitoring, as
provided in paragraph 5.

If the detection monitoring results indicate that the
PCB level is consistently above the background level
by less than 5 ppb and shows a continued increase at a
rate of 1 ppb/quarter or more for three consecutive
quarters, then the ground water monitoring program
will move into compliance monitoring, as provided in
paragraph 5.

The U.S. EPA will be provided written notification of
a shift to compliance monitoring and a plan for the
compliance monitoring within four weeks of
confirmation that compliance monitoring is required.
If the detection monitoring change in PCB level is
greater than 10 ppb, then the U.S. EPA shall be
notified by phone within 24 hour of confirmation of
the detection monitoring results.



Sect ion: 4.0
Revis ion No.:
Date: August 22, 1988
Page: 8

5. Compliance Monitoring - Compliance monitoring will be
completed through the installation of additional
monitoring well points along the boundary. The
locations and construction details for the additional
ground water monitoring points will be submitted to
the U.S. EPA for approval prior to implementation of
monitoring in the form of a Compliance Monitoring Plan
within 30 days of the notification described in
paragraph 4. The results of the compliance monitoring
program will be used to determine if PCBs are
migrating from the in-place containment area and will
be used to assess the location from which the PCBs are
emanating.

An Assessment Report will be prepared assessing
whether PCBs are migrating from the IPC cells and
describing what, if any, corrective action measures
are necessary. The Assessment Report shall be
prepared in accordance with a schedule contained in
the approved Compliance Monitoring Plan and shall be
submitted to U.S. EPA for approval.

6. Corrective Action Program - If the Assessment Report
indicates that corrective action is reguired, such
corrective action will be carried out in accordance
with this paragraph. The corrective action program
may include repair of the soi1-bentonite wall by
re-excavation and reinstallation, drilling and
grouting, vibratory beam grouting, or other repair
methods. The details of the proposed corrective
action including the quality control and assurance
procedures and the monitoring procedures required to
verify the corrective action (the "Corrective Action
Plan"), will be submitted to the U.S. EPA for approval
within 60 days of approval of the Assessment Report.

Corrective action will begin within 60 days of
receiving U.S. EPA approval for corrective action, in
accordance with the schedule and approved Corrective
Action Plan.

The U.S. EPA will have access to observe the regular sampling

and to obtain split samples during regular well sampling. The

U.S. EPA will have access at other times if first pre-arranged

with owner by written request, and if owner is allowed to
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observe and enforce compliance with proper sampling and to

obtain split samples.

3.1 Monitoring Well Maintenance

The elevation of the reference point on each monitoring well

will be resurveyed at least once every five years. The top

elevation will also be resurveyed if modifications are made to

the well or if the well is inadvertently damaged.

A well which becomes filled with sediment as measured by

soundings or has poor hydraulic performance will be cleaned by

flushing with potable water. Sampling will not occur for at

least one month after flushing of the well. If the well

continues to perform poorly, the well will be replaced by

installing a new well within 25 feet of the existing well and

by decommissioning the former well in accordance with Illinois

Administrative Code, Chapter I, Part 920.120, "Abandoned Wells".
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4.0 GROUND WATER EXTRACTION, TREATMENT AND DISCHARGE

Ground water will be extracted from each containment cell at a

rate which maintains an inward hydraulic gradient across the

soi1-bentonite wall. Average daily flow will be approximately

500 gallons per day and will likely be pumped and processed by

intermittent pumping from the extraction wells.

The pumps will be inspected annually to insure that all high

and low set points are operable and that the pump is in running

condition. If pumping the well does not reduce the water level

in the containment cell, the pump will be removed and the well

screen cleaned with hydrogen peroxide or another oxidizer.

Extracted ground water will be processed through the long-term

water treatment facility. The long-term water treatment

facility will be a cartridge filter and two carbon adsorption

units connected in series.

For the first completed containment cell, when the system is

running continuously, a sample will be taken weekly for the

first six months, then monthly for the next six months (if

approved by the U.S. EPA), then quarterly thereafter as

approved by U.S. EPA (Appendix B), at a sample point at the

influent co the treatment system and also between the two

carbon units. If the long-term water treatment system is

operated on an intermittent basis, at least one water sample
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will be collected between the two carbon units at both the

start and the end of the operation. Samples shall be analyzed

for PCBs.

If it is established through this monitoring program that the

treatment system for the first containment cell is operating

efficiently to meet said discharge limit, then a request may be

made to reduce the sample frequency and number of samples for

the first, second and third containment cells. The frequency

sampling scheduled may also be modified, following approval by

U.S. EPA in the event the discharge occurs to the North Shore

Sanitary District.

If any sample equals, or exceeds 1 ppb, two additional samples

will be collected within two weeks thereafter. If all these

samples exceed 1 ppb, the following will be done promptly:

1. The lead carbon unit will be removed;

2. The second carbon unit will be switched to the lead
position;

3. A new carbon unit will be installed as the second
carbon unit; and

4. The cartridge filter element will be replaced.

The average concentration in the final effluent discharged

shall not exceed a 1 ppb 30-day running average when water is

generated. The final effluent shall be sampled monthly. The

effluent may be discharged to the North Shore Sanitary District

if the District, U.S. EPA and IEPA approve such discharge.
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Such approval shall not be unreasonably withheld. In the event

the effluent is not discharged to the District, said water may

be discharged on-site at a location approved by U.S. EPA.

The exhausted carbon will be containerized, manifested, and

transported for appropriate disposal, in accordance with

federal, state, and local regulations.

If the pump and treatment system is shut-down fo" ^ore than

thirty (30) days, the treatment system will be hydraulically

tested before start-up with either lake or potable water. The

test will consist of pumping water through the treatment system

at the same pumping rate as occurs during dewatering. The

pressure drops through the system will be assessed to determine

if the treatment equipment is ready for water treatment.

The treatment system will be located within a secondary

containment area with a detection sump. If water spills from

the carbon canisters or the connecting piping, a high level

alarm in the detection sump will cut off electrical power to

all extraction well pumps and will provide an alarm sign to a

designated operator or guard.

After five years from the date of the Certificate of Completion

of the Work, pursuant to Section XXIV of the Consent Decree,

U.S. EPA may establish different effluent limitations for this

discharge water if it determines that such limitations may be
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achieved by the use of the best available technology. Any such

determination by U.S. EPA shall be subject to dispute

resolution procedures in Section XII of the Consent Decree.

Any of the above requirements may be modified pursuant to the

V.D.9 of the Consent Decree.

S7 0 9 f
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5.0 REPORTING

Monitoring results from the ground water monitoring wells and the extrac-
tion well treatment system will be submitted to the U.S. ERA on a quarterly
basis for the first two years and a semi-annual basis thereafter. The
results of cover inspections, extraction well maintenance, and treatment
system maintenance will be included with the reports on a yearly basis.

Reports will be issued within 45 days of receipt of each ground water
monitoring test result. Reports on the operation of the water treatment
system will be issued on a semi-annual basis. The discharge limits in the
water treatment reports will be certified by a corporate officer or his
approved designee.
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TABLE 1

CONTAINMENT CELL COVER COMPOSITIONS

Bituminous Concrete Vegetation Total Area
Containment Cell ___Acres_____ Acres Acres
Slip No. 3 To be determined du. iug final design 1.5

West 3.4

East 5.5

10.4

Note: All surface area values are approximate.
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APPENDIX A

RECORD KEEPING REQUIREMENTS

1.0 GROUND MATE* MONITORING

The ground water monitoring record keeping forms are found in Tables A-l
through A-3. Table A-l, Field Sample Data, and Table A-2, Well Development
Log, are used concurrently for recording pertinent information during the
purging and sampling of a monitoring well. Table A-3, Ground Water Eleva-
tion Monitoring Log, is used for recording ground water level information
of the monitoring well/piezometer pairs.

1.1 Well Purging and Sampling

Immediately prior to purging each well, the depth from top of well casing
to top of water surface and to bottom of well will be determined to the
nearest 0.05 foot and recorded as a portion of the well sample data (see
Tables A-l and A-2). Jetting methods will not be used for purging the
monitor wells. The method for purging and sampling of the monitoring wells
is with dedicated submersible bladder-type pumps providing a uniform rate
of discharge. Teflon tubing will be used for intake/discharge lines as
required for sample pump operation. All monitoring wells will be capped
and locked to prevent unauthorized access to the well and the possible
contamination of the well between sampling episodes.

Monitoring wells will be purged by removing at least three well volumes
determined as the total depth of the well minus the depth to the water
surface times the area of the well.

At each well to be sampled, purged waters will be monitored during purge
for temperature, pH, and conductivity as a function of time (see
Table A-2). This data will be accurately recorded such that the variation
of parameters may be related to elapsed purging time. These relationships
along with sample data from selected purga evaluation wells will be used to
establish specific purging volumes for each well. Purging methods,
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volumes, times, and any other pertinent information will be recorded and
reported by the sampling team (see Tables A-l and A-2).

The ground water samples will be placed In glass bottles fitted with caps
having Teflon-faced silicon seals. The sample bottles will be one liter in
size. Each sample bottle will be labeled with the following:

1. Name of sampling team;

2. Site name;

3. Location identification;

4. Sampling date.

The water sample, when collected, will totally fill the sample bottle.
Samples will be placed in an ice chest or similar container capable of
maintaining an even temperature while the samples are transported to the
laboratory. The packaging and shipping procedures will be in accordance
with the accepted standards for the type of analysis requested. Two sepa-
rate sample bottles of ground water will be collected at each monitoring
well as the sample set, so that duplicate samples are available for QA
analysis, if required.

1.2 Quality Assurance

An established program of sample chain-of-custody procedures, that is
followed during sample collection and handling activities in both the field
and laboratory operations, is required to assure that sample integrity is
maintained and data generated through the analysis of the samples is appli-
cable to evaluation of the site. The sample custody program as well as the
quality assurance procedures regarding the construction water treatment
facility water samples will be utilized for the ground water monitoring
samples. These procedures will be in the Quality Assurance Project Plan
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(QAPP) for the Waukegan Harbor Site. The QAPP will be prepared during the
design phase.

Laboratory QA data and other supporting data will be maintained in
accordance with the Consent Decree.



CanonieEnvii tal TABLE A-l

FIELD SAMPLE
DATA
PROJECT No. _________

FIELD
ENGINEER

PAGE __ OF.

PROJECT NAME.

FIELD DATA:

WELL SAMPLED

DATE

TOP OF CASING ELEVATION

DEPTH TO GROUND WATER FROM T.O.C.. FT.

GROUND WATER ELEVATION

PURGE DATE

PURGE METHOD

START PURGE ELAPSED TIME
(SEE WELL DEVELOPMENT LOG FOR PURGING DETAILS)

HRS. VOLUME PURGED

SAMPLER TYPE

SAMPLER MATERIAL

TUBING MATERIAL

SAMPLE APPEARANCE.

SAMPLE pH ______

: 1. SUBMERSIBLE PUMP 2. BLADDER PUMP 3. BAILER
4. OTHER(SPECIFY) ________________________

: 1. STAINLESS STEEL 2. TEFLON 3. PVC
4. OTHER(SPECIFY) _______________

: 1. TEFLON 2. POLYETHYLENE 3. TYGON 4. SILICON
5. OTHER(SPECIFY) _______________________

TEMPERATURE SPECIFIC CONDUCTANCE

COMMENTS:
WEATHER: _

OTHER: _

I
00oo
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DEVELOPMENT
LOG
PROJECT No.
WELL No. __
FIELD
ENGINEER
PAGE __ OF.

PROJECT NAME DATE.

DIAMETER O F WELL (d). INCHES . . . . . . .

TOTAL DEPTH OF WELL FROM T.O.C.. FEET. . . .

HEIGHT OF GROUND WATER COLUMN IN WELL (W), FEET .

MINIMUM QUANTITY DF GROUND WATER
TO BE PURGED (Vw, WHERE Vw = 0.12(d)2W), GALLONS

PUMPING EQUIPMENT USED ___________;_______

WEATHER

00

10

co
00

TIME PUMPING
RATE

(GPM)

TOTAL
VOLUME

(GAL)
pH TEMP

•c

————

SPECIFIC
CONDUCTANCE

jiMHOS

————————————

NOTES



CanonieE sntal TABLE A -3
GROUND WATER
ELEVATION
MONITORING LOG
=>ROuECT No.

FIELD
ENGINEER __

PAGE OF.

PROJECT NAME

WEATHER ____

DATE

MONITORING WELL

MONITORING
WELL No.

j

I
I

1

T.O.C. DEPTH TO
WATER

(FT.)

TOP OF
WATER
ELEV.

!

PIEZOMETER
No.

1

PIEZOMETER

T.O.C.

—————————

DEPTH TO
WATER
(FT.)

TOP OF
WATER
ELEV.

!

*
A_

(FT.)

00
CO

TOP OF WATER ELEV. (MONITORING 'WELL) - TCP OF WATER ELEV. (PIEZOMETER)
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APPENDIX B

LONG-TERM WATER TREATMENT FACILITY
SAMPLING FREQUENCY

A quarterly sampling frequency between the carbon canisters is sufficient
to ensure compliance with the PCB discharge goal. Treating 500 gallons per
day of ground water containing the solubility limit of 288 ppb PCB (Waid,
John S., PCBs and the Environment, Volume I, CRC Press, Inc., 1986) will
require 9.1 years to exhaust a 200 Ib. carbon adsorption treatment
container at two weight percent PCB loading. The calculation is presented
with the following equations:

Weight of carbon per ca^Krir> adsorption container: 200 Ib.
Water flow rate to long-term treatment facility: 500 gallons/day

Solubility limit of Aroclor 1242 in water: 288 ppb

PCB loading on carbon: 0.02 Ibs. PCB
Ibs. carbon

PCB removal rate:
500 gallons water x 8.34 Ibs. water x 288 Ibs. PCBs x 365 davs =

day gallon water 1 billon Ibs. year
water

0.438 Ibs. PCB
year

PCB capacity of 200 Ibs. carbon:
200 Ibs. carbon x 0.02 Ibs. PCB - 4.0 Ibs. PCBs

Ibs. carbon
Time required to achieve carbon loading:
4.0 Ibs. PCB/0.438 Ibs. PCBs - 9.1 years

year
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UNITED STATES DISTRICT COURT
NORTHERN DISTRICT Or ILLINOIS

EASTERN DIVISION-

UNITED STATES OF AMERICA,

Plaintiff,

and

THE PEOPLE OF THE STATE OF ILLINOIS,

Intervernors,

vs.

OUTBOARD MARINE CORPORATION,
/

Defendant, Third Party )
plaintiff and Cross- )
Claim Defendant, )

and

XON SANTO COMPANY,

Defendant, Third Party
Defendant and Cross-
Claiu Plaintiff.

Civil Action No.
78 C 1004

Judge Getzendanner

COVENANT NOT TO SUE

'WHEREAS, on March 17, 1978, plaintiff, the United

States cf America, on behalf of the Uni:ed States Envirorjzer.- =>:

Protection Agency (USEPA) , coa-eaced this action to secure =r.

injunction cotapelling defendant, Outboard Marine Corporation

(OKC) to clean up the polychiorinated biphenyis (PCBs) in and

around the Waukegan Harbor facility of QMC and to recover

civil penalties from OMC for its alleged illegal discharge c:

PC3s, and for other relief as prayed for in the Second Auenced
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Co-plaint;

WHEREAS, thereafter USZPA decided to undertake a

USE?A-funded response action to abate ?C3 contaraination in

and around the Waukegan Harbor facility of OMC, pursuant to

the Comprehensive Environmental Response, Compensation and

Liability Act (CERCLA), 42 U.S.C. S9601 ec seq.;

WHEREAS, the United States may initiate litigation

in the future to recover all costs related to response action,

except for litigation costs as defined in 28 U.S.C. 51920

incurred sulely in ccr.-.ection with this action; and

WHEREAS, the United States no longer intends to

proceed with this litigation insofar as it sought injunctive

relief and civil penalties against OMC, in light of USEPA1s

decision to undertake response action in and around the

Waukegan Harbor facility of OMC;

THEREFORE, before the taking of any testimony and

without adjudication of any issue of fact, plaintiff, in the

exercise of its prosecutorial discretion, covenants not to

sue OMC for injunctive relief or civil penalties pursuant co

Section 13 of the Rivers and Harbors Act of 1899, 33 U.S.C.

§407; Section 309(b) and (d) of the Federal Water Pollution

Control Act, 33'U.S.C. S1319(b) and (d); and Section 106 of

the CERCLA, 42 U.S.C. §9606, or any other civil claims with

respect to the abatement of ?C3 contaEination in the Waukegan

Harbor area which plaintiff might have asserted on behalf of

USEPA in this litigation based on the sane facts as those

alleged in the Second Amended Coraplaint and now known to

plaintiff.
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Notwithstanding any other provision of this Covenant,

the United States reserves the right to initiate and maintain

an action to recover from any person all costs incurred relating

to the USEPA-funded response action to clean up PCB contamination

in and around OMC's Waukegan Harbor facility, except for litigation

coses as defined in 28 U.S.C. $1920 incurred solely in connection

with this action; and

Nothing in this Covenant is intended to release or in
*

any way extinguish any right the United States may have to assert

any claims against parties other than OKC.

This covenant not to sue is effective upon the entry

by the district court of an order dismissing United States v.

Outboard Marine Corporation, No. 78 C 1004 (N.D. 111.) without

prejudice.

UNITED STATES OF AMERICA
\ __ XV

FTivSNRY HABIGHT II
Assistant Attorney General
Land and Natural Resources Division
U.S. Department of Justice
Washington, D.C. 20530

,..
GREGORY C. JOHES/ /
United States Attorney
219 South Dearb'ojrn Street
Chicago, Illinois 60604

JAi-tES T. £f>;ES/
Xnie f , CvviL/Division
Assis tanc-unLced States Atcorr.e;
219 South Dearborn Street
Ch.cago, Ill inois 60604
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COURTNEY'M. PRICE
Assistant Administrator for

Enforcement and Compliance
Monitoring

United States Environmental
Protection Agency

401 M Street, S.W.
Washington, D.C. 20460

W.
ng Assistant Administrator
Solid Waste and Emergency

Response
United States Environmental
Protection Agency

401 M Street, S.W.
Washington, D.C. 20460

VALDAS \. ADAM
Regional Admin
United States

Protection
Region V
230 South Dearborn
Chicago, Illinois

(US
Lstrator
Environment

A jency

Street
60604



UNITED STATES DISTRICT COURT
NORTHERN DISTRICT OF ILLINOIS

EASTERN DIVISION

UNITED STATES OF AMERICA,

Plaintiff,

and

THE PEOPLE OF THE STATE OF ILLINOIS,

Intervenors,

v.

OUTBOARD MARINE CORPORATION,

) .. •- J . -23

) PHEIAN «»OPF « )OH>'

) No. 78 C 1004

) Judge Getzendanner

)

and

MONSANTO COMPANY,

Derendant, Third Party )
Plaintiff and Cross- )
Claim Defendant, )

Defendant, Third Party )
Defendant and Cross- )
Claim Plaintiff. )

COVENANT NOT TO SUE

WHEREAS, on March 17, 1978, plaintiff, the United States

of America, on behalf of the United States Environmental Protection

Agency (USEPA), commenced this action to secure an injunction

compelling defendant, Outboard Marine Corporation (OMC) to clear,

up the polychlorinated biphenyls (PCBs) in and around the WauXegar.

- Harbor facility of OMC and to recover civil penalties from CMC

for its alleged discharge of PCB's, and for other relief as

prayed for in the Second Amended Complaint;
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WHEREAS, the Intervenor People of the State cf Illinois

subsequently intervened in this action as a plaintiff;

WHEREAS, thereafter USEPA decided to undertake a USEPA-

funded response action to abat* PCS contamination in and around«
the Waukegan Harbor facility of OMC, pursuant to the Comprehen-

«•

sive Environmental Response, Compensation and Liability Act,

(CERCLA), 42 U.S.C. 9601 et seq.;

WHEREAS, the United States may initiate litigation in the

future to recover all costs related to response action, except

for litigation costs a» defined in 28 U.S.C. 19io incurred
solely in connection with this action;

WHEREAS, the People of the State of Illinois may initiate

litigation in the future to recover all costs related to

response action, except for litigation costs as defined in

28 U.S.C. 1920 incurred solely in connection with this'act ion;

WHEREAS, the United States has executed a Covenant Not To

Sue in this action, in which it recites that it no longer

intends to proceed with this litigation insofar as it sought

injunctive relief and civil penalties against OMC, in light cf

USEPA's decision to undertake response action in and around the

Waukegan Harbor facility of OMC; and

WHEREAS the People of the State of Illinois no longer intend

to proceed with this litigation insofar as it sought injunctive

relief and civil penalties against OMC, in light of the decision

to undertake response action in and around the Waukegan Harbcr ,
facility of OMC, subject only to the reservations and previsions

contained herein;



- 3 -

THEREFORE, before the taking of any testimony and without

adjudication'of any issue of fact, Intervenor People of the State

of Illinois, in the exercise of prosecutorial discretion,

covenant not to sue OMC for injunctive relief or civil penal-

ties on any claim for relief asserted in the pleadings hereto-

fore filed in this case, or **r etfcer civil claims with respect
to the abatemetn of PCB'contamination in the Waukegan Harbor

area which the People of the State of Illinois rfiffct have

asserted in this litigation based on the same facts as those

alleged in the Complaint and now known to th« People, subject

only to the reservations and provisions hereof;

NOTWITHSTANDING any other provision of this Covenant, the

People of the State of Illinois reserve the right to initiate

and maintain an action to recover from any person, including CMC,

all costs incurred by them relating to the USEPA-funded response

action to ciean up PCS contamination in and around CMC's Waukegar.

Harbor facility, except for litigation costs as defined in

28 U.S.C. 1920 incurred solely in connection with this action.

FURTHER NOTWITHSTANDING any other provision of this Covenant,

the People of the State of Illinois reserve the right to initiate

and maintain any action, pursuant to the police power, against

any person, including OMC, for the abatement of PCS contamination

in the Waukegan Harbor area in the event that the response action

pursue: to CERCLA is prevented, by judicial-decree or otherwise,

from proceeding.
Nothing in this Covenant is intended to release or in any



way extinguish any right that the People of the State of Illinois

may have to assert any claims against parties other than OMC.

This covenant is effective upon its execution.

Date:
f

L' 1 1 1 /f ')
;

PEOPLE OF THE STATE OF ILLINOIS



CERTIFICATE OF SERVICE

I, Russell R. Eggert, an attorney, hereby certify that

I caused copies of the foregoing Covenant Not To Sue to be

served upon the persons named below by personal service on

June 20, 1985:

Richard J. Phelan, Esq.
Phelan, Pope and John
180 North Wacker Drive
Chicago, Illinois 60606

James J. Schiak, Esq.
Kirkland § Ellis.
200 East Randolph Drive
Chicago, Illinois 60601

Richard J. Kissel
Martin, Craig, Chester 5 Sonnenschein
US South LaSalle Street
Chicago, Illinois 60603

James T. Hynes
Assistant U.S. Attorney
219 South Dearborn Street
Chicago, Illinois 60604



AFFIDAVIT OF HAND DELIVERY

OF ILLINOIS )
) SS
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Veda F. McDevitt , being first duly svom on oath deposes and says that

she is eraloyed in the Office of the thited States Attorney for the Northern

District of Illinois, and further states that on the 23rd day of

April___________, 1985, she had a copy of each of the following:

COVENANT NOT TO SUE

personally delivered to the following na,-ned individual (s) on said date at

the hour of 3:30 p.m.

Richard J. Phelan, Esq.
PHELAN, ?0?E & JOHN, LTD.
180 N. v.'acxer Drive, Suits 500
Chicago, IL 60606

Janes J. SchirJc, Esq.
, rdPKLAND & -ZLIS

200 E. Pandolph Drive
C-J-cago, IL 60601

Richard J. Kissell, Esq.
MARTIN, CRAIG, CHESTER &
115 S. LaSalle Street, an. 24CC
Chicago, IL 60603

Rjssell Fggert, Esq.
Office of the Attorney General, IllLrcis
160 N. LaSalle Street
Chicago, EL 60606

SU33CPJ3ID AND SW3FN TO aETCPE XE ~-~5

My Ccctnission Expires:


